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(57) A tire/wheel assembly (4) assembling method, 
comprised of a balance weight determination step (S7), 
in which the weight and attachment position of a balance 
weight (3) to be attached to a wheel (1) are determined 
on the assumption that the minimum point of the RRO 
of the wheel (1) will be phase matched with the maxi- 
mum point of the RFV of a tire (2) and based on the 
weight and position of the heavy point of the static un- 
balance of the wheel (1 ) and the weight and position of 
the light point of the static unbalance of the tire (2), a 
balance weight attachment step (S8), in which the bal- 
ance weight (3) is attached to the wheel (1) based on 
the determined weight and attachment position, and an 
assembling step (S9), in which the wheel (1) and the tire 
(2) are assembled together upon phase matching the 
minimum point of the RRO of the wheel (1 ) with the max- 
imum point of the RFV of the tire (2). 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Art 5 

[0001 ] This invention concerns a tire/wheel assembly 
assembling method, a tire/wheel assembly assembling 
line, a wheel, and a wheel manufacturing method, which 
improve the working efficiency in assembling together a 
tire and a wheel and improve the outer appearance of 
the wheel. 

2. Background Art 

[0002] A tire/wheel assembly (car wheel) used in an 
automobile or other vehicle is comprised of a wheel and 
a tire, which is assembled onto the wheel. The wheel 
has an annular rim, onto which the lire is assembled, 
and a disk, which is welded to the rim and to which the 
hub of the shaft of a vehicle is fixed by means of bolts, 
etc. 

[0003] Such wheels and tires are non-uniform in 
weight, dimensions, rigidity, etc. due to the scattering 
that occurs in the respective manufacturing processes. 
The uniformity of weight is referred to as balance. The 
condition in which balance is not achieved is called un- 
balance, and there is static unbalance and dynamic un- 
balance. Static unbalance refers to the non-uniformity 
of weight distribution that exists in the circumferential 
direction in the still condition and causes vibration of the 
car body in the vertical direction. Dynamic unbalance 
refers to the non-uniformity of weight distribution that ex- 
ists in the rotating condition and causes vibration of the 
car body in the vertical and lateral directions as well as 
steering shimmy. The uniformity of the dimensions is re- 
ferred to as "runout", and there is radial runout (referred 
to hereinafter as "RRO"), which is the runout in the radial 
direction (vertical runout), and lateral runout, which is 
the runout in the width direction (lateral runout). The uni- 
formity of rigidity is referred to as "force variation", and 
there is radial force variation (referred to herein after as 
"RFO"), which is the variation of force in the radial di- 
rection, and lateral force variation, which is the variation 
of force in the width direction. Among these character- 
istics, a large unbalance and RFV in particular cause 
vibration of a vehicle. The unbalance and RFV must thus 
be lessened. 

[0004] Balance in the direction around the rotation ax- 
is and in the direction of the rotation axis must thus be 
achieved with a tire/wheel assembly, in which a tire and 
a wheel are assembled together. However, if a wheel 
and tire are assembled together without consideration 
of the abovementioned static balance of the wheel and 
tire, unbalance in the direction around the rotation axis 
and in the direction of the rotation axis will occur. The 
condition in which the balance in the direction around 
the rotation axis is not achieved is static unbalance, and 
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if static balance is not achieved, vibration in the vertical 
direction will occur during travel. The condition in which 
the balance in the direction of the rotation axis is not 
achieved is dynamic unbalance, and if dynamic balance 
is not achieved, vibration in the vertical and lateral di- 
rections will occur and cause steering shimmy, etc. 
[0005] Since non-uniformity exists in the wheel alone 
and the tire alone as described above, in order to lessen 
the non-uniformity, the non-uniformity of the tire/wheel 
assembly, with which the wheel and tire are assembled 
together, is lessened as much as possible . Various 
methods are thus employed as methods of assembling 
a tire/wheel assembly. Two representative assembling 
methods shall be described below. 
[0006] As a first method, there is the method of reduc- 
ing the RFV of the tire/wheel assembly. With this meth- 
od, a tire and a wheel are assembled together upon per- 
forming phase matching of the maximum point of the 
RFV of the lire with the minimum point of the RRO (so- 
called low point) of the wheel. By this assembling meth- 
od, the tire/wheel assembly as a whole is made to ap- 
proach a circular shape and the vibration in the vertical 
direction during the rotation of the tire/wheel assembly 
is reduced. Here, if the light point of the tire, which is the 
lightest part in the weight distribution in the circumfer- 
ential direction of the tire, and the heavy point of the 
wheel, which is the heaviest part in the weight distribu- 
tion in the circumferential direction of the wheel, are at 
mutually close positions, the static unbalance of the tire 
and the static unbalance of the wheel cancel each other 
out to lessen the static unbalance of the tire/wheel as- 
sembly as a whole. However, if assembly is performed 
with priority given to matching the direction of the max- 
imum point of the RFV of the tire with the direction of the 
minimum point of RRO of the wheel as mentioned 
above, the light point of the tire and the heavy point of 
the wheel will normally not be matched and balance 
weights must be added further. 

[0007] Thus in order to determine the weight and po- 
sition of attachment of the balance weights after assem- 
bly, the tire/wheel assembly is set on an unbalance 
measuring device (referred to hereinafter as a "balanc- 
er") and the weight and position (angle) of the unbalance 
of the tire/wheel assembly are measured. After meas- 
urement, balance weights (lead, etc.), which correspond 
to the weight of the unbalance, are attached to the rim 
of the wheel at locations corresponding to the position 
of the unbalance to adjust the balance, and the meas- 
urement of unbalance and adjustment of the balance 
weights are repeated until the amount of unbalance be- 
comes less than or equal to a fixed amount. In order to 
improve the efficiency of the balance weight attachment 
work, the position of attachment of the air valve, which 
becomes the heavy point, is used as a guideline for the 
attachment position of the balance weights. Balance 
weights are normally attached at two locations at the 
outer side and the inner side of the wheel. 
[0008] A second method is the method of lessening 
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the unbalance of the tire/wheel assembly. With this 
method, the tire and wheel are assembled together up- 
on performing phase matching of the light point of the 
static unbalance of the tire and the heavy point of the 
static unbalance of the wheel. By this assembly, the stat- 
ic unbalances of both the tire and wheel cancel each 
other out so that the static unbalance of the tire/wheel 
assembly as a whole is lessened and the vibration in the 
vertical direction during travel can be restrained. After 
assembly, the RFV is improved using a tire fitter. Fur- 
thermore, if unbalance still remains in the tire/wheel as- 
sembly, the weight and position (angle) of the unbalance 
of the tire/wheel assembly are measured using a bal- 
ancer in order to lessen the unbalance. Balance 
weights, corresponding to the weight of the unbalance, 
are then attached to the rim of the wheel at locations 
corresponding to the unbalance. 
[0009] In particular with thismethod, since an airvalve 
for supplying compressed air into the lire is attached to 
the rim of the wheel, the weight of this air valve is taken 
into account and the air valve attachment position is 
used as the heavy point of the wheel in many cases. 
Thus in this case, the light point of the static unbalance 
of the tire is phase matched with the airvalve attachment 
position of the wheel. 

[0010] As has been described above, with both meth- 
ods, the setting of the heavy point of the static unbalance 
of the wheel to the air valve attachment position is ef- 
fective in providing a guideline for assembly that can be 
judged readily. However, since the weight of an airvalve 
is not so high, in the case where the scattering of the 
weight distribution is large among the respective prod- 
ucts due to manufacturing errors of the wheel body, this 
scattering may override the weight of the air valve and 
the heavy point of the wheel as a whole may not neces- 
sarily coincide with the air valve attachment position. In 
relation to this problem, Japanese Unexamined Patent 
Publication No. 2000-170843 discloses an invention of 
a method for making the heavy point of the static unbal- 
ance of the wheel coincident with the air valve attach- 
ment position. With this invention, for each of the mem- 
bers, which comprise the air valve, for example, the air 
valve body, the cap that covers the air inlet of the air 
valve, etc., a plurality of types that differ in weight are 
prepared in advance and the weight of the air valve itself 
is adjusted by selectively attaching members with ap- 
propriate weights to forcibly make the heavy point coin- 
cide with the air valve attachment position. 
[001 1 ] The casing structure of an air valve and the at- 
tachment of an air valve to a wheel shall now be de- 
scribed with reference to Fig. 31 . Fig. 31 is a diagram, 
which shows the rim of a wheel and the casing structure 
of an airvalve. The structure of the air path, etc. inside 
the air valve are omitted. In Fig. 31 , the casing of air 
valve 201 is comprised of a substantially cylindrical stem 
part 201a and a grommet part 201b, which is formed 
across a fitting groove 201c provided along the circum- 
ferential direction at one end of stem part 201 a. An air 
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inlet 201 d is formed at the other end of stem part 201a 
and a cap 201 e is attached so as to cover this air inlet 
201 d. Also, the surface of airvalve 201 is normally cov- 
ered with a synthetic rubber material. Air valve 201 is 

5 attached to the rim 200a of a wheel 200 by insertion, by 
making use of the resilience force of rubber, of the stem 
part 201 a into a circular air valve attachment hole 200b, 
formed in rim 200a, from the side at which the tire is 
fitted, fitting the fitting groove 201 c to the circumferential 

10 surface of air valve attachment hole 200b. and stopping 
grommet part 201 b onto rim 200a. The stem part 201a 
is thus pushed into airvalve attachment hole 200b in the 
attachment of air valve 201 , and in order to prevent cut- 
ting and flawing of the surface of air valve 201 , which is 

is comprised of synthetic rubber material, the outer and 
inner circumferential edge parts 200c of air valve attach- 
ment hole 200b is subject to burr removal and other 
forms of so-called "edge treatment" in advance, and nor- 
mally, culling of Ihe edge is performed using a machine 

20 tool, etc. However, since wheel 200 is a large part, a 
wide occupied space had to be secured for the edge 
treatment process , and since as can be understood from 
Fig. 31 , air valve attachment hole 200b is made within 
a narrow step formed on rim 200a, the cutting by a ma- 

25 chine tool for edge treatment was difficult and required 
special tools and jigs. 

[0012] The problems of the above-described two as- 
sembly methods shall now be described. 
[001 3] With the first of the above-described methods, 

30 though the RFV is lessened after assembly of the tire 
and wheel, since there is no correlation between the 
static unbalance and the RRO of the wheel, a large un- 
balance remains in the weight distribution of the tire/ 
wheel assembly. Large balance weights must thus be 

35 attached to the wheel in order to lessen this unbalance. 
As a result the large balance weights cause the manu- 
facturing cost to increase and the outer appearance of 
the tire/wheel assembly to become poor, thus causing 
the commercial value to drop, etc. 

40 [001 4] With the second of the above-described meth- 
ods, though the unbalance is lessened after assembly 
of the tire and the wheel, since there is no correlation 
between the static unbalance and the RRO of the wheel, 
a large RFV remains and causes vibration during travel. 

45 This RFV must thus be lessened by use of a tire fitter, 
etc. Furthermore, though the balance weights to be at- 
tached will be smaller with this second method, since 
balance weights still have to be attached, the problem 
of outer appearance still remains. Especially in the case 

so where the heavy point of the static unbalance of the 
wheel is set to the air valve attachment position, since 
the heavy point will not necessarily coincide with the air 
valve attachment position, an unbalance will remain in 
the weight distribution of the tire/wheel assembly. 

55 [0015] A plurality of types that differ in weight must 
thus be prepared as mentioned above for the members 
that comprise the air valve in order to forcibly make the 
heavy point of static unbalance coincide with the air 
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valve attachment position. In this case, there will be 
problems in terms of economy and control of parts, and 
due to the trouble of having to select members of appro- 
priate weights for each tire/wheel assembly, there is also 
a problem in terms of efficiency of the balance adjust- 
ment work. It is therefore desirable to be able to make 
the heavy point of static unbalance coincide with the air 
valve attachment position using just standard specifica- 
tion items and without having to prepare a plurality of 
types of air valves according to weight. It is also prefer- 
able with regard to the air valve attachment hole to en- 
able omission or simplification of the edge treatment 
process. 

[0016] Moreover, with the above-described two as- 
sembly methods, the weight and position of unbalance 
of the tire/wheel assembly must be measured using a 
balancer in order to attach balance weights after assem- 
bly of the tire and wheel. The balance adjustment work 
thus becomes a troublesome work with many process* 
es, requires extremely many manhours, and is poor in 
working efficiency. It is therefore desirable for the bal- 
ance weights to be as small as possible and for balance 
weights not to be attached where possible, and in the 
case where balance weights must be attached, it is de- 
sirable to be able to specify the attachment locations 
without having to measure the balance. 
[0017] In the case of aluminum wheels, since a bal- 
ance weight is attached to the inner circumferential side 
of the rim of a wheel, there is also the problem that the 
clearance between the balance weight and the brake 
device becomes small. 

[0018] An object of this invention is therefore to re- 
solve the above problems by providing a tire/wheel as- 
sembly assembling method, a tire/wheel assembly as- 
sembling line, a wheel, and a wheel manufacturing 
method, which improve the working efficiency in the as- 
sembling of a tire and a wheel and improve the outer 
appearance of the wheel. 

Disclosure of the Invention 

[0019] (1 ) This invention provides a tire/wheel assem- 
bly assembling method, which is a method of assem- 
bling a tire/wheel assembly with which a tire and a wheel 
are assembled together, and is comprised of a balance 
weight determination step, in which the weight and at- 
tachment position of a balance weight to be attached to 
the abovementioned wheel are determined on the as- 
sumption that the minimum point of the RRO of the 
abovementioned wheel will be phase matched with the 
maximum point of the RFV of the abovementioned tire 
and based on the weight and position of the heavy point 
of the static unbalance of the abovementioned wheel 
and the weight and position of the light point of the static 
unbalance of the abovementioned tire, a balance weight 
attachment step, in which a balance weight of the weight 
determined in the abovementioned balance weight de- 
termination step is attached to the attachment position 
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of the abovementioned wheel that was determined in 
the abovementioned balance weight determination 
step, and an assembling step, in which the abovemen- 
tioned wheel and the abovementioned tire are assem- 
5 bled together upon phase matching the minimum point 
of the RRO of the abovementioned wheel with the max- 
imum point of the RFV of the abovementioned tire. 
[0020] With this tire/wheel assembly assembling 
method, by phase matching of the minimum point of the 
RRO of the wheel and the maximum point of the RFV 
of the tire, the large force in the radial direction of the 
tire is absorbed by dimensional variations in the radial 
direction of the wheel. Furthermore with this method, by 
attachment of a balance weight to the wheel in the bal- 
ance weight attachment step, the unbalance of the tire/ 
wheel assembly is lessened. Also with this method, a 
balance weight can be mounted, based on the weight 
and position of the balance weight determined in the bal- 
ance weight determination step, to the outer circumfer- 
ential surface of the rim of the wheel prior to assembling 
the wheel and the tire together, and when the balance 
weight is attached at such a position, the balance weight 
will be covered by the tire in the tire/wheel assembly. 
[0021] This invention also provides a tire/wheel as- 
sembly assembling line, which is an assembling line for 
a tire/wheel assembly, with which a tire and wheel are 
assembled together, and is comprised of a wheel mark- 
ing process, in which the minimum point of the RRO of 
the abovementioned wheel is marked, a tire marking 
process, in which the maximum point of the RFV of the 
abovementioned tire is marked, a balance weight deter- 
mination process, in which the weight and attachment 
position of a balance weight to be attached to the above- 
mentioned wheel are determined on the assumption 
that the minimum point of the RRO of the abovemen- 
tioned wheel will be phase matched with the maximum 
point of the RFV of the abovementioned tire and based 
on the weight and position of the heavy point of the static 
unbalance of the abovementioned wheel and the weight 
and position of the light point of the static unbalance of 
the abovementioned tire, a balance weight attachment 
process, in which a balance weight of the weight deter- 
mined in the abovementioned balance weight determi- 
nation process is attached to the attachment position of 
the abovementioned wheel that was determined in the 
abovementioned balance weight determination proc- 
ess, and an assembling process, in which the above- 
mentioned wheel and the abovementioned tire are as- 
sembled together upon phase matching the abovemen- 
tioned marked position of the wheel with the abovemen- 
tioned marked position of the tire. 
[0022] With this tire/wheel assembly assembling line, 
by phase matching of the minimum point of the RRO of 
the wheel with the maximum point of the RFV of the tire 
in the assembling process, the RFV of the tire/wheel as- 
sembly is lessened. Furthermore with this assembling 
line, by attachment of a balance weight to the wheel in 
the balance weight attachment process, the unbalance 
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of the tire/wheel assembly is lessened, and the unbal- 
ance measurement process and balance weight attach- 
ment process subsequent assembly are eliminated. Al- 
so with this assembling line, since a balance weight can 
be mounted., based on the weight and position of the 
balance weight determined in the balance weight deter- 
mination process, to the wheel in the balance weight at- 
tachment process prior to the assembling process, the 
balance weight can be mounted at the outer circumfer- 
ential surface of the rim of the wheel, which becomes 
covered by the tire after the assembling process. 
[0023] Phase matching refers to the matching of the 
direction of a predetermined point along the circumfer- 
ential direction of the tire with the direction of a prede- 
termined point in the circumferential direction of the 
wheel with the centers of the tire and the wheel being 
matched. 

[0024] (2) This invention also provides a wheel, which 
is adjusted in balance in accordance to a tire, based on 
the three data of the unbalance amount -g of the light 
point of the abovementioned tire, the maximum RRO 
amount + 8 of the abovementioned tire, and the phase 
0 from the abovementioned light point to the direction of 
the abovementioned RRO amount + 5., and which is 
characterized in that the phase from the heavy point of 
the abovementioned wheel to the direction of the mini- 
mum point of the RRO of the abovementioned wheel is 
e, the minimum RRO amount of the abovementioned 
wheel is -8, and the unbalance amount of the above- 
mentioned heavy point is +g. 

[0025] This invention also provides a tire/wheel as- 
sembly assembling method, which is a method of as- 
sembling the abovementioned balance-adjusted wheel 
and the abovementioned tire together and is character- 
ized in that the assembly is performed to make the 
abovementioned light point and the abovementioned 
heavy point be of the same phase. 
[0026] With such a wheel and tire/wheel assembly as- 
sembling method, by assembling so that the light point 
of the tire and the heavy point of the wheel are matched, 
the unbalance amount -g of the light point and the un- 
balance amount +g of the heavy point are canceled out 
so that the static unbalance will be substantially elimi- 
nated. Also, the RRO amount + 5 of the tire at a position 
that is shifted in phase from the light point by the amount 
e and the RRO amount -5 of the minimum point of the 
wheel at a position that is shifted in phase from the 
heavy point by the amount e are made the same in 
phase and thus made to cancel each other out so that 
the vertical runout of the tire/wheel assembly as a whole 
will be made small. The static unbalance can thus be 
minimized while minimizing the vertical runout in the 
condition where the tire and wheel are assembled to- 
gether even if the static balance is not adjusted after- 
wards by use of a balance weight. 
[0027] That the unbalance amount of the heavy point 
of the wheel is +g shall mean that the unbalance amount 
of the heavy point is +g in the condition where an air 
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valve has been attached. 

[0028] Also, the amounts of +g and -g and +6 and -5, 
etc. do not have to be matched strictly and may differ 
slightly within a range in which the tire/wheel assembly 

5 will be satisfactory as a product. 

[0029] This invention also provides a wheel manufac- 
turing method, which is a method of manufacturing a 
wheel that is adjusted in balance in accordance to a tire, 
based on the three data of the unbalance amount -g of 

10 the light point of the abovementioned tire, the maximum 
RRO amount +5 of the abovementioned tire, and the 
phase 0 from the abovementioned light point to the di- 
rection of the abovementioned RRO amount +8, and 
which is characterized in that after measurement of the 

'5 minimum point of the RRO of the wheel, a trimming proc- 
ess is performed on the wheel so that the heavy point, 
with an unbalance amount of +g, is positioned in the di- 
rection that is shifted by -0 in phase with respect to the 
measured minimum point of RRO. 

20 [0030] With a wheel obtained by this manufacturing 
method, by performing assembly upon matching the 
light point of a tire with the heavy point of the wheel, the 
unbalance amount -g of the light point and unbalance 
amount 4 g of the heavy point are made to cancel each 

25 other out, thereby substantially eliminating the static un- 
balance. Also, the maximum point of RRO of the tire at 
a position that is shifted in phase from the light point by 
the amount fi and the minimum point of RRO of the 
wheel at a position that is shifted in phase from the 

30 heavy point by the amount 6 are made the same in 
phase and thus made to cancel each other out so that 
the vertical runout of the tire/wheel assembly as a whole 
will be made small. The static unbalance can thus be 
minimized while minimizing the vertical runout in the 

35 condition where the tire and wheel are assembled to- 
gether even if the static balance is not adjusted after- 
wards by use of a balance weight. 
[0031 ] This invention also provides a wheel manufac- 
turing method, which is a method of manufacturing a 

4 o wheel that is adjusted in balance in accordance to a tire, 
based on the three data of the unbalance amount -g of 
the light point of the abovementioned tire, the maximum 
RRO amount +8 of the abovementioned tire, and the 
phase e from the abovementioned light point to the di- 

45 rection of the abovementioned RRO amount +5, and 
which is characterized in that after cutting of the outer 
circumference of the wheel in a decentering manner 
such that the minimum RRO amount of the wheel will 
be -5, a trimming process is performed on the wheel so 

so that the heavy point with an unbalance of +g, will be po- 
sitioned in the direction that is shifted by -e in phase with 
respect to the minimum point of RRO of the abovemen- 
tioned wheel. 

[0032] A wheel that is obtained by this manufacturing 
55 method can be made a wheel with which the minimum 
point of RRO : that is, the minimum point of the vertical 
runout amount, is matched with the vertical runout of the 
tire and the measurement of the minimum point of RRO 
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of the wheel is unnecessary. Also by performing assem- 
bly upon matching the light point of the tire with the 
heavy point of the wheel, the unbalance amount -g of 
the light point and the unbalance amount +g of the heavy 
point are made to cancel each other out. thereby sub- 5 
stantially eliminating the static unbalance. Also, the 
RRO amount + 5 of the tire at a position that is shifted 
in phase from the light point by the amount ft and the 
RRO amount - 5 of the minimum point of the wheel at a 
position that is shifted in phase from the heavy point by 10 
the amount 6 are made the same in phase and thus 
made to cancel each other out so that the vertical runout 
of the tire/wheel assembly as a whole will be made 
small. The static unbalance can thus be minimized while 
minimizing the vertical runout in the condition where the '5 
tire and wheel are assembled together even if the static 
balance is not adjusted afterwards by use of a balance 
weight. 

[0033] Furthermore, in an above-described wheel 
manufacturing method, an air valve attachment hole 20 
may be bored in the direction that is shifted in phase by 
• 0 from the abovementioned minimum point of RRO of 
the wheel. 

[0034] With a wheel obtained by this manufacturing 
method, since the heavy point of the wheel will be in the 25 
direction of the air valve attachment hole, a worker who 
assembles a tire and a wheel together can eliminate the 
static unbalance in the condition where the tire and 
wheel are assembled simply by performing assembly 
upon matching the air valve and the light point of the tire 30 
by using the air valve as a guideline of the heavy point, 
and since the maximum point of RRO of the tire and the 
minimum point of RRO of the wheel are made the same 
in phase and thus made to cancel each other out, the 
static unbalance can be minimized while minimizing the 35 
vertical runout in the condition where the tire and wheel 
are assembled together. 

[0035] Here, phase shall refer to the angle formed by 
two directions that are directed from the center of a tire 
or wheel to the positions of two predetermined points 40 
along the circumference, side surface, etc. of the tire or 
wheel. 

[0036] Also with the above-described wheel manufac- 
turing method, setting the unbalance amount equal to 
+g shall mean that the unbalance amount is set equal 45 
to +g in the condition where an air valve is attached to 
the wheel. 

[0037] Also, since the phases of the primary peaks of 
the RRO and RFV of a tire are highly correlated, the 
manufacturing of a wheel using the maximum point of 50 
RRO of the tire as a guideline is equivalent to practicing 
the above-described manufacturing method using the 
position of the primary peak of RFV as a guideline. 
[0038] (3) This invention also provides in a wheel, 
which is formed by joining a rim and a cup-like disk, 55 
which is fitted to the inner diameter of the abovemen- 
tioned rim, a wheel with which the balance is adjusted 
by the provision of trimmed shape and/or augmented 
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shapes at the fitting part of the abovementioned cup-like 
disk. 

[0039] With this wheel, since the disk will be light in 
the direction in which the trimmed shapes are provided, 
a wheel of the desired balance can be made by provid- 
ing trimmed shapes of the desired amount. Moreover, 
since a part of the disk that will be fitted to the inner sur- 
face of the rim and will be hidden from the exterior will 
be trimmed or augmented to adjust the balance, a wheel 
that is adjusted to the desired balance can be made 
without affecting the outer appearance of the wheel. 
[0040] Since an air valve for putting air into a tire will 
be attached to the rim of a wheel, the rim will tend to be 
heavy in the direction of the air valve. The balance of 
the wheel and air valve as a whole must thus be adjusted 
in consideration of the contribution of the air valve and 
air valve attachment hole to the weight balance. 
[0041] This invention also provides in a wheel, which 
is formed by joining a rim and a cup-like disk, which is 
fitted to the inner diameter of the abovementioned rim, 
a wheel with which the balance is adjusted by making 
the direction, as viewed from the center of the above- 
mentioned disk, of the air valve attachment hole provid- 
ed in the abovementioned rim be matched with the di- 
rection of trimmed shapes provided at the fitting part of 
the abovementioned disk or by making the abovemen- 
tioned direction of the air valve attachment hole be shift- 
ed by 180 degrees with respect to the direction of aug- 
mented shapes provided at the fitting part of the above- 
mentioned disk. 

[0042] With this wheel, since the unbalance due to the 
weight of the air valve and the unbalance due to the 
trimmed shapes or augmented shapes cancel each oth- 
er out, the unbalance of the wheel as a whole can be 
made to approach zero. As a result, a balance weight 
to be attached after assembly with the tire can be made 
small to thereby improve the outer appearance of the 
wheel. 

[0043] This invention also provides in a wheel, which 
is formed by joining a rim and a cup-like disk, which is 
fitted to the inner diameter of the abovementioned rim, 
a wheel with which the balance is adjusted by making 
the direction, as viewed from the center of the above- 
mentioned disk, of the air valve attachment hole provid- 
ed in the abovementioned rim be shifted by 1 80 degrees 
with respect to the direction of trimmed shapes provided 
at the fitting part of the abovementioned disk or by mak- 
ing the abovementioned direction of the air valve attach- 
ment hole be matched with the direction of augmented 
shapes provided at the fitting part of the abovemen- 
tioned disk. 

[0044] With this wheel, since the air valve direction is 
made relatively heavy by the joint effect of the unbal- 
ance due to the air valve attached to the rim and the 
unbalance due to the trimmed shapes or augmented 
shapes, the heavy point of the wheel can always be set 
in the direction of the air valve. The direction of the air 
valve can thus be used as a guideline for the heavy point 
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of the wheel, enabling the work of adding a balance 
weight to be made efficient. 

[0045] Here : joining may be performed by any method 
by which the rim and disk can be joined without damag- 
ing the function of the wheel, and various known meth- 5 
ods, for example, welding, brazing, bolting, adhesion by 
adhesive agent, etc., may be used. 
[0046] (4) This invention also provides a wheel with 
which an annular air valve seat is fitted and fixed inside 
an air valve attachment hole, which has been bored in 
the rim, and an air valve is attached to the abovemen- 
tioned air valve seat. 

[0047] With this wheel, edge treatment can be per- 
formed according to each air valve seat and the occu- 
pied space required for the edge treatment process can 
be reduced. Simplification or omission of the edge treat- 
ment is also enabled. 

[0048] Furthermore, the abovementioned air valve 
seal of the above-described wheel may be arranged 
from a material that is greater in specific gravity than the 
material of the main body of the wheel. 
[0049] With such a wheel, the heavy point of the static 
unbalance of the wheel can be matched with the air 
valve attachment position, and since the air valve can 
be arranged from just standard specification items, the 
wheel will be more economical and excellent in the ef- 
ficiency of adjustment work in comparison to the case 
where the weight of the air valve itself is adjusted as in 
the prior art. 

[0050] (5) This invention also provides a wheel char- 
acterized in that augmented shapes or trimmed shapes, 
corresponding to a predetermined weight, are provided 
in a localized manner when the wheel is in the condition 
of a net-shape part in the manufacturing process and 
the adjustment of the weight balance is enabled by 
these augmented shapes or trimmed shapes. 
[0051] With this wheel, a wheel that has the desired 
weight balance can be made, without damaging the out- 
er appearance, simply by partial design changes of the 
mold that is used to manufacture the wheel. In particular, 
it becomes possible to match the heavy point of the stat- 
ic unbalance with the air valve attachment position with- 
out fail even in the case where the scattering of the 
weight distribution is large among the respective prod- 
ucts due to manufacturing errors, etc. of the wheel. The 
weight balance adjustment process of the tire/wheel as- 
sembly can thus be simplified. 

[0052] (6) This invention also provides in a wheel, 
comprised of a circular disk, which can be fixed to the 
hub of the shaft of a vehicle, and a rim, which is fixed to 
the peripheral part of the disk and onto which a tire is 
assembled, a wheel having an arrangement wherein the 
balance is adjusted by providing the disk with openings 
for setting the heavy point position of the abovemen- 
tioned wheel at a position away from the center of the 
abovementioned disk. 

[0053] With this wheel, openings are formed in the 
disk to enable the setting of the heavy point position of 
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the wheel at a predetermined position by adjustment of 
the sizes, positioning intervals, etc. of the openings. 
Since the checking work, etc. of the heavy point of the 
wheel in the assembling of the tire/wheel assembly can 
thus be simplified, the working efficiency of the balance 
adjustment work can be improved. Also, though when 
openings are formed, the weight of the disk will be re- 
duced by the amount corresponding to the sizes of the 
openings, in the case where the openings are made at 
equal intervals in the circumferential direction of the 
disk : the weight balance of the disk will not change since 
the weight reductions due to the respective openings will 
cancel each other out. However, when the sizes, posi- 
tioning intervals, etc. of the openings are varied, the 
weight balance of the disk is disrupted, forming regions 
that are lighter in weight than other parts and regions 
that are heavier in weight than other parts. Thus by se- 
lection of the sizes and positioning intervals of the open- 
ings, a heavy point, which is a portion that is relatively 
heavy in weight, can be formed at the desired position. 
Also, by attaching an air valve for inflating the tire at a 
position corresponding to the position of the heavy point 
thus formed, the checking of the heavy point position of 
the wheel is facilitated. 

[0054] Furthermore with the abovementioned wheel, 
a plurality of openings may be formed at equal intervals 
in the circumferential direction of the disk and the open- 
ing areas of a part of the openings may be made smaller 
than the opening areas of other openings. 
[0055] With this wheel, since a region in which open- 
ings that are smaller in diameter than other openings 
will be heavier by the amount corresponding to the dif- 
ferences in opening area, the heavy point of the wheel 
can be formed in the region in which the small-diameter 
openings were formed. Here, in the case where the dif- 
ference in the sizes of the openings is small the heavy 
point of the wheel can be adjusted without damaging the 
outer appearance. 

[0056] Or with the above-described wheel, a plurality 
of openings may be formed at equal intervals in the cir- 
cumferential direction of the disk and the distance be- 
tween centers of a part of the adjacent openings may 
be made shorter than the distance between centers of 
other adjacent openings. 

[0057] With this wheel, since a region in which open- 
ings with the longer distance between centers are 
formed will be heavier than other regions, the heavy 
point of the wheel can be positioned in the region in 
which openings with the longer distance between cent- 
ers are formed. 

[0058] Also with the above-described wheel, the 
openings may be formed at equal intervals along the cir- 
cumference of a circle that is centered at a position that 
is decentered from the center of the disk. 
[0059] With this wheel, since a region in which many 
openings are formed and a region in which few openings 
are formed can be formed in the disk by forming the 
openings along the circumference of a circle having the 
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center at a position that is deviated from the center of 
the disk, the heavy point can be positioned in a region 
in which the number of openings formed is small. 

BRIEF DESCRIPTION OF THE DRAWINGS 5 

[0060] 

Fig. 1 shows a wheel and a tire, related to Embod- 
iment 1 of this invention, in the condition prior to as- 10 
sembly, with Fig.1 A being a front view of the wheel 
and Fig.1 B being a front view of the tire. 
Fig. 2 is a front view, which shows the condition 
where the wheel and tire have been phase matched 
for explaining the balance weight determination is 
step of Embodiment 1 of this invention. 
Fig. 3 shows a side view and a front view of the 
wheel to which a balance weight has been attached 
prior to assembly according to Embodiment 1 of this 
invention. 20 
Fig. 4 is a perspective view of the tire/wheel assem- 
bly related to Embodiment 1 of this invention. 
Fig. 5 is a flowchart of the tire/wheel assembly as- 
sembling method of Embodiment 1 of this invention. 
Fig. 6 is a block diagram of the tire/wheel assembly 25 
assembling line of Embodiment 1 of this invention. 
Fig. 7 is a perspective view of a wheel that has been 
adjusted in balance according to Embodiment 2 of 
this invention. 

Fig. 8 is a sectional view along line X-X of Fig. 7. 30 
Fig. 9 is a side view of a tire related to Embodiment 
2 of this invention. 

Fig. 1 0A is a perspective view of a machine tool for 
machining a net-shape part and Fig. 1 0B is a par- 
tially enlarged sectional side view of the machine 35 
tool. 

Fig. 11 is a side view of the wheel of Embodiment 
2 of this invention. 

Fig. 12 is an exploded perspective view of a wheel 
of Embodiment 3 of this invention. 40 
Fig. 13 is a plan view of the disk material of the 
wheel of Fig. 12. 

Fig. 14 shows another form of Embodiment 3 of this 
invention, with Fig.14A being a plan view of the disk 
material of a wheel and Fig.1 4B being a perspective 45 
view of the disk of the wheel. 
Fig. 15shows anolherform of EmbodimenL3of this 
invention, with Fig.15A being a plan view of the disk 
material of a wheel and Fig.1 5B being a perspective 
view of the disk of the wheel. so 
Fig, 1 6 is a plan view of the disk material of a wheel 
of another form of Embodiment 3. 
Fig. 17 is a front view of a wheel made using the 
disk material of Fig. 16. 

Fig. 1 8 shows a wheel and a tire related to Embod- 55 
iment 4 of this invention, with Fig.18A being a side 
view of the wheel and Fig. 1 8B being a side view of 
the tire. 
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Fig. 19 is an external perspective view of a tire/ 
wheel assembly related to Embodiment 4 of this in- 
vention. 

Fig. 20 shows partial sectional views of a rim of Em- 
bodiment 4 of this invention with Fig. 20A showing 
the condition prior to attachment of an air valve seat 
and an air valve and Fig. 20B showing the condition 
after attachment. 

Fig. 21 is a partial sectional view of a rim of another 

form of Embodiment 4 of this invention. 

Fig. 22 is a partial sectional view of a rim of another 

form of Embodiment 4 of this invention. 

Fig. 23 shows the case where augmented shapes 

are provided at the decorative holes of a wheel of 

Embodiment 5 of this invention, with Fig. 23A being 

a side view of the wheel as viewed from the rear 

side and Fig. 23B being a sectional view along line 

A-A of Fig.23A. 

Fig. 24 shows the case where augmented shapes 
are provided at the indented parts of the rear sur- 
face of the spokes of a wheel of Embodiment 5 of 
this invention, with Fig. 24A being aside view of the 
wheel as viewed from the rear side and Fig. 24B 
being a sectional view along line B-B of Fig. 24A. 
Fig. 25 shows explanatory drawings of patterns of 
positions at which augmented shapes are added 
along the circumference of a wheel of Embodiment 
5 of this invention, with Fig. 25A showing the case 
where the augmented shapes are set at positions 
that match the position of an air valve attachment 
hole, Fig. 25B showing the case where the aug- 
mented shapes are set at positions at the side op- 
posite the air valve attachment hole, and Fig. 25C 
showing the case where the augmented shapes are 
provided at positions shifted by an angle 4> (0° < e 
< 180° ) with respect to the direction of the position 
of the air valve attachment hole. 
Fig. 26 is a perspective view of a balance-adjusted 
wheel of Embodiment 6 of this invention. 
Fig. 27 is a sectional view of the wheel of Fig. 26. 
Fig. 28 is a front view of the wheel of Fig. 26. 
Fig. 29 is a front view of a balance-adjusted wheel 
of another form of Embodiment 6 of this invention. 
Fig. 30 is a front view of a balance-adjusted wheel 
of another form of Embodiment 6 of this invention. 
Fig. 31 is a partial sectional view of a rim for explain- 
ing the air valve attachment structure of the prior art. 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0061] Embodiments of the tire/wheel assembly as- 
sembling method, tire/wheel assembly assembling line, 
wheel, and wheel manufacturing method according to 
this invention shall now be described with reference to 
the drawings of embodiments. 
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(Embodiment 1) 

[0062] First, as Embodiment 1 . an embodiment of a 
tire/wheel assembly assembling method and a tire/ 
wheel assembly assembling line shall be described with 5 
reference to Fig. 1 through Fig. 6. 
[0063] Fig . 1 shows a wheel and a tire prior to assem- 
bly, with Fig. 1 A being a front view of the wheel and Fig. 
1 B being a front view of the tire. Fig. 2 is a front view, 
which shows the condition where the wheel and tire 
have been phase matched for explaining the balance 
weight determination step. Fig. 3 shows a side view and 
a front view of the wheel to which a balance weight has 
been attached prior to assembly. Fig. 4 is a perspective 
view of the tire/wheel assembly. Fig. 5 is a flowchart of 
the tire/wheel assembly assembling method. Fig. 6 is a 
block diagram of the tire/wheel assembly assembling 
line. 

[0064] VWh the lire/wheel assembly assembling 
method of this Embodiment 1 , the weight and attach- 
ment position of a balance weight are determined prior 
to assembling the wheel and tire together and the bal- 
ance weight is attached to the wheel prior to assembly 
in order to lessen the unbalance of the tire/wheel as- 
sembly. Furthermore with this assembly method, the 
wheel and tire are assembled together upon performing 
phase matching of the minimum point of the RRO of the 
wheel and the maximum point of the RFV of the tire in 
order to lessen the RFV of the tire/wheel assembly. With 
this assembly method, since the balance weight can be 
attached to the outer circumferential surface of the rim 
of the wheel prior to assembling the wheel and tire to- 
gether, the appearance quality of the tire/wheel assem- 
bly will be improved. The tire/wheel assembly assem- 
bling line of Embodiment 1 is an assembling line that 
has been arranged based on the assembling method of 
Embodiment 1 . 

[0065] The heavy point of the static unbalance of a 
wheel is the point that is indicated as being a heavy part 
in the weight distribution of the wheel when the wheel is 
measured by a wheel balancer in the still condition. The 
light point of the static unbalance of a wheel is the point 
that is indicated as being a light part in the weight dis- 
tribution of the wheel when the wheel is measured by a 
wheel balancer in the still condition. 
[0066] With Embodiment 1, the inner sides of the 
wheel and the tire are the sides, in the direction of the 
widths of the wheel and tire, of attachment to a vehicle. 
The outer sides of the wheel and tire are the sides, in 
the direction of the widths of the wheel and tire, at which 
the tire and wheel are not attached to a vehicle. 
[0067] The method assembling a tirc/wheel assembly 
shall now be described in line with the flowchart of Fig. 
5 and with reference to Fig. 1 and Fig 2. 
[0068] Prior to assembling the wheel 1 and tire 2, 
wheel 1 is subject alone to pretreatment. That is, a wheel 
is manufactured by a die cast device using steel, alumi- 
num, etc. as raw materials. The wheel 1 that is manu- 



factured by this method will have non-uniformity of 
weight, dimensions, etc. even when manufactured at 
high precision. 

[0069] With wheel 1 , the position of the minimum point 
of the RRO is marked in order to perform phase match- 
ing with the maximum point of the RFV of tire 2. The 
radial direction (vertical direction) runout along the outer 
circumferential surface of the rim of wheel 1 are thus 
measured using an RRO measuring device (not shown) 
(S1). The point (minimum point) at which the radial di- 
rection runout is the smallest within a single rotation of 
wheel 1 is thus specified. In other words, the minimum 
point of the RRO of wheel 1 is the point of wheel 1 at 
which the radius is the shortest. A phase matching seal 
1a is then adhered onto this specified minimum point of 
wheel 1 (S2). The color of phase matching seal 1 a may 
be the same as or may differ from the color of a phase 
matching seal 2a to be adhered onto tire 2. 
[0070] Furthermore, in order to calculate the weight 
and attachment position (angle) of a balance weight 3, 
wheel 1 is subject to the measurement of the weight and 
position (angle) of the heavy point of static unbalance. 
The weight of the static unbalance is thus measured 
across a single rotation of wheel 1 using a wheel bal- 
ancer (not shown), and the greatest weight and the point 
1b at which this weight is indicated are specified (S3). 
The position of the heavy point of static unbalance of 
wheel 1 is defined by a clockwise angle a from the min- 
imum point of RRO of wheel 1 . 

[0071] Meanwhile, tire 2 is also subject to pretreat- 
ment prior to the assembling together of wheel 1 and 
tire 2. This pretreatment performed on tire 2 is per- 
formed in parallel to the pretreatment performed on 
wheel 1 . Though a tire has a simple, donut-like shape, 
it is a composite material product comprised of textile, 
steel wire, rubber, etc., and a large portion is formed by 
hand. A tire thus has non-uniformity of weight, dimen- 
sions, rigidity, etc. 

[0072] In order to perform phase matching with the 
minimum point of the RRO of wheel 1 , the position of 
the maximum point of the RFV of tire 2 is marked. The 
radial direction force is thus measured along the outer 
circumferential surface of tire 2 using an RFV measuring 
device (not shown) (S4). The point (maximum point) at 
which the radial direction force is the greatest within a 
single rotation of tire 2 is thus specified. In other words, 
the maximum point of the RFV of lire 2 is the point of 
tire 2 at which the radial direction force is the greatest. 
A phase matching seal 2a is then adhered onto this 
specified maximum point of tire 2 (S5). 
[0073] Furthermore, in order to calculate the weight 
and attachment position (angle) of balance weight 3, tire 
2 is subject to the measurement of the weight and po- 
sition (angle) of the light point of static unbalance. The 
weight of the static unbalance is thus measured across 
a single rotation of tire 2 using a tire balancer (not 
shown), and the lightest weight and the point 2b at which 
this weight is indicated are specified (S6). The position 
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of the light point of static unbalance of tire 2 is defined 
by a clockwise angle p from the maximum point of RFV 
of tire 2. 

[0074] The weight and position (angle) of attachment 
to wheel 1 of the balance weight 3 to be attached to 5 
wheel 1 is then calculated (S7). This calculation method 
shall now be described with reference to Fig. 2. With the 
assembling method of Embodiment 1 , wheel 1 and tire 
2 are assembled together upon phase matching the 
minimum point of RRO of wheel 1 with the maximum 10 
point of RFV of tire 2. Thus the calculation of the weight 
and attachment position of balance weight 3 is premised 
on the attachment of balance weight 3 onto a tire/wheel 
assembly 4 } with which the minimum point of RRO of 
wheel 1 and the maximum point of RFV of tire 2 are is 
phase matched. That is. calculation is performed on the 
assumption of the condition where the positions of 
phase matching seal 1 a and phase matching seal 2a 
have been matched and by setting the fundamental axis 
AX (0°) to the straight line that joins the center C of tire/ 20 
wheel assembly 4, the minimum point of RRO of wheel 
1 , and the maximum point of RFV of tire 2. 
[0075] First a vector Va of a direction, corresponding 
to the position of the heavy point of wheel 1 , and a 
length, corresponding to the weight of the heavy point 25 
of wheel 1 , is drawn with center C as the origin (see Fig. 
2A). Since the position of the heavy point of wheel 1 is 
defined by the clockwise angle a from the minimum 
point of RRO of wheel 1 , the direction of a vector Va will 
be the direction of clockwise angle a from the funda- 30 
mental axis AX. 

[0076] Next, a vector Vb of a direction, corresponding 
to the position of the light point of tire 2, and a length, 
corresponding to the weight of the light point of tire 2, is 
drawn with center C as the origin (see Fig. 2B). Since 35 
the position of the light point of tire 2 is defined by the 
clockwise angle p from the maximum point of RFV of 
tire 2, the direction of a vector Vb will be the direction of 
the clockwise angle p from the fundamental axis AX. 
[0077] A vector Vc is then drawn from the endpoint of 40 
a vector Va to the endpoint of a vector Vb (see Fig. 2C). 
[0078] Lastly, a vector Vd of a direction and length that 
are the same as those of a vector Vc is drawn with center 
C as the origin (see Fig. 2D) . That is, the vector Vd, 
which is parallel to a vector Vc, is drawn with center C 45 
as the origin. The weight corresponding to the length of 
this veclor Vd is then calculated and this weight is set 
as the weight of balance weight 3 to be attached to 
wheel 1. Also, the clockwise angle yfrom fundamental 
axis AX, which corresponds to the direction of a vector so 
Vd ( is used to define the attachment position of balance 
weight 3 to be attached to wheel 1 . With wheel 1 , bal- 
ance weight 3 is attached to the outer circumferential 
surface 1c of the rim at a position of clockwise angle y 
from the minimum point of RRO of wheel 1 (see Fig. 3). 55 
[0079] Balance weight 3 is then attached to wheel 1 
in order to lessen the unbalance of tire/wheel assembly 
4 (S8). Balance weight 3 is attached, based on the 



weight and attachment position of balance weight 3 de- 
termined by calculation, to the outer circumferential sur- 
face 1c of the rim of wheel 1 prior to assembling wheel 
1 and tire 2 together. That is, in the attachment of bal- 
ance weight 3, balance weight 3 of the weight deter- 
mined by calculation is attached to the center in the 
width direction of outer circumferential surface 1c of the 
rim of wheel 1 at the position of clockwise angle yfrom 
the minimum point of RRO of wheel 1 (see Fig. 3). 
[0080] Since the outer circumferential surface 1 c of 
the rim of wheel 1 will be covered by tire 2 when tire 2 
is assembled onto wheel 1 , outer circumferential sur- 
face 1 c is a surface that cannot be seen from the exterior 
of tire/wheel assembly 4. Thus when tire 2 is assembled 
onto wheel 1 to which balance weight 3 is attached, bal- 
ance weight 3 cannot be viewed from the exterior of tire/ 
wheel assembly 4. Furthermore, since balance weight 
3 can be attached to the center in the width direction of 
outer circumferential surface 1c of the rim of wheel 1 , 
there is no need to attach balance weights at two loca- 
tions at the inner side and outer side of the wheel as in 
the prior art. That is, the unbalance of tire/wheel assem- 
bly 4 can be lessened by attaching balance weight 3, 
which has been averaged for the inner and outer sides, 
just at one location at the center in the width direction 
of outer circumferential surface 1 c of the rim of wheel 1 . 
Also, even in the case where wheel 1 is an aluminum 
wheel, since balance weight 3 is attached to the outer 
circumferential surface 1c of the rim of wheel 1 , there is 
no need to attach a balance weight onto the inner cir- 
cumferential surface of the rim of the wheel as in the 
prior art. Thus with tire/wheel assembly 4, the clearance 
between the brake device will not be made small by bal- 
ance weight 3. 

[0081] Next, in order to lessen the RFV of tire/wheel 
assembly 4, wheel 1 and tire 2 are assembled together 
upon matching the positions of phase matching seal 1a 
of wheel 1 and phase matching seal 2a of tire 2 (S9). 
The assembled tire/wheel assembly 4 will thus be in the 
condition where the phases of the minimum point of the 
radial direction runout of wheel 1 and the maximum point 
of the variation of the radial direction force of tire 2 are 
matched. Since the large radial direction force of tire 2 
alone will thus be absorbed by the indented portion in 
the radial direction of wheel 1 alone, the RFV of tire/ 
wheel assembly 4 will be lessened. 
[0082] When wheel 1 and tire 2 are assembled togeth- 
er, the static unbalance of tire/wheel assembly as a 
whole will be lessened by balance weight 3. This is be- 
cause the weight and attachment position of balance 
weight 3 were determined, based on the heavy point of 
wheel 1 and the light point of tire 2, as the optimal weight 
and attachment position for canceling out the static un- 
balance of wheel 1 alone and the static unbalance of tire 
2 alone. Thus when wheel 1 and tire 2 are assembled 
together, the non-uniformity of the weight distribution of 
tire/wheel assembly 4 is lessened by the relationship of 
the weight and position of the heavy point of wheel 1 , 



10 



19 EP 1 243 444 A1 20 



the weight and position of the light point of tire 2, and 
the weight and position of balance weight 3. 
[0083] With this method of assembling tire/wheel as- 
sembly 4, the RFV of tire/wheel assembly 4 is lessened 
by assembling wheel 1 and tire 2 upon phase matching s 
the minimum point of RRO of wheel 1 with the maximum 
point of RFV of tire 2. Furthermore with this assembling 
method, by attaching balance weight 3 to the outer cir- 
cumferential surface 1c of the rim of wheel 1 prior to 
assembly, the static unbalance of tire/wheel assembly 
4 is lessened and the outer appearance of tire/wheei as- 
sembly 4 is improved. Furthermore, since the static un- 
balance, which is a cause of dynamic unbalance, is less- 
ened, the dynamic unbalance of tire/wheel assembly 4 
is also lessened. 

[0084] The tire/wheel assembly assembling line shall 
now be described with reference to Fig. 6. Fig. 1 through 
Fig. 5 shall also be referenced where necessary. The 
lire/wheel assembly assembling line (shall be referred 
to hereinafter as "assembling line") 1 0 is an assembling 
line that has been organized based on the above-de- 
scribed tire/wheel assembly assembling method. With 
this description of assembling line 10, detailed descrip- 
tion concerning the items described in the above de- 
scription of the assembling method shall be omitted. 
[0085] Assembling line 10 is comprised of a process 
to be performed on wheel 1 alone, a process to be per- 
formed on tire 2 alone, a process to be performed on 
wheel 1 and tire 2 (or tire/wheel assembly 4) , and a cal- 
culation process. The process to be performed on wheel 
1 alone and the process to be performed on tire 2 alone 
are processes that are carried out separately and are 
processes that are carried out prior to the process to be 
performed on wheel 1 and tire 2 (or tire/wheel assembly 
4). The calculation process is a process that is carried 
out based on the data obtained in each of the process 
performed on wheel 1 alone and the process performed 
on tire 2 alone. 

[0086] The process to be performed on wheel 1 atone 
is comprised of an RRO measurement process 11, a 
minimum RRO marking process 12, a static unbalance 
heavy point measurement process 13, and a balance 
weight attachment process 18. 

[0087] First in RRO measurement process 11, the 
RRO of wheel 1 is measured using an RRO measuring 
device (not shown) and the position of the minimum 
point of RRO of wheel 1 is specified. 
[0088] Then in minimum RRO marking process 12, 
phase matching seal 1a is adhered onto the position of 
the minimum point of RRO of wheel 1 that was specified 
in RRO measurement process 11 . 
[0089] Subsequently in static unbalance heavy point 
measurement process 1 3, the static unbalance of wheel 
1 is measured using a wheel balancer (not shown) and 
the weight and the position (clockwise angle a from the 
minimum point of RRO) of the heavy point of static un- 
balance of wheel 1 are specified. Then in static unbal- 
ance heavy point measurement process 13, the speci- 



fied weight and position data of the heavy point of static 
unbalance of wheel 1 are sent, along with an identifica- 
tion number (for example, the serial number etc.) pro- 
vided uniquely to wheel 1 , to balance weight calculation 
process 1 7. 

[0090] Then in balance weight attachment process 
18, a balance weight 3 is attached to the center in the 
width direction of the outer circumferential surface 1c of 
the rim of wheel 1 based on the data on the weight and 
attachment position (clockwise angle y from the mini- 
mum point of RRO) of balance weight 3, which were de- 
termined in balance weight calculation process 1 7. The 
wheel 1 to which balance weight 3 is attached is distin- 
guished by the identification number that is unique to 
wheel 1 . The weight and attachment position data of bal- 
ance weight 3 are sent, along with the identification 
number unique to wheel 1 , from balance weight calcu- 
lation process 17. 

[0091 ] The process lo be performed on tire 2 alone is 
comprised of an RFV measurement process 14. a max- 
imum RFV marking process 15, a static unbalance light 
point measurement process 1 6 ; and a soap water ap- 
plication process 1 9. 

[0092] First in RFV measurement process 14, the 
RFV of tire 2 is measured using an RFV measuring de- 
vice (not shown) and the position of the maximum point 
of RFV of tire 2 is specified. 

[0093] Then in maximum RFV marking process 15, 
phase matching seal 2a is adhered onto the position of 
the maximum point of RFV of tire 2 that was specified 
in RFV measurement process 14. 
[0094] Subsequently in static unbalance light point 
measurement process 1 6. the static unbalance of tire 2 
is measured using a tire balancer (not shown) and the 
weight and the position (clockwise angle p from the max- 
imum point of RFV) of the light point of static unbalance 
of tire 2 are specified. Then in static unbalance light point 
measurement process 1 6. the specified weight and po- 
sition data of the light point of static unbalance of tire 2 
are sent, along with an identification number (for exam- 
ple, the serial number, etc.) provided uniquely to tire 2, 
to balance weight calculation process 17. 
[0095] Furthermore, in soap water application proc- 
ess 1 9, a soap water is applied to the periphery of tire 

2 which is fitted onto wheel 1 to make tire 2 slippery for 
fitting onto the rim of wheel 1 . 

[0096] The calculation process is comprised of the 
balance weight calculation process 17. In balance 
weight calculation process 1 7, a personal computer or 
other electronic calculator (not shown) is used. A pro- 
gram for calculating the weight and attachment position 
(angle) of balance weight 3 by the above-described cal- 
culation method is incorporated in this electronic calcu- 
lator. This program is a program that calculates the 
weight and attachment position (clockwise angle 7 with 
respect to the minimum point of RRO) of balance weight 

3 based on the weight and position (clockwise angle a 
with respect to the minimum point of RRO) of the heavy 
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point of static unbalance of wheel 1 and the weight and 
position (clockwise angle p with respect to the maximum 
point of RFV) of the light point of static unbalance of tire 

2. 

[0097] In balance weight calculation process 17, the 
program is started up on the electronic calculator and 
the weight and attachment position of balance weight 3 
are calculated upon input of the weight and position data 
of the heavy point of static unbalance of wheel 1 and the 
weight and position data of the light point of static un- 
balance of tire 2 into the electronic calculator. Then in 
balance weight calculation process 1 7, the unique iden- 
tification number of wheel 1 and the unique identification 
number of tire 2 are controlled in a corresponded man- 
ner in order to assemble together, in a subsequent proc- 
ess, the wheel 1 and tire 2 on which the calculation of 
the weight and attachment position of balance weight 3 
is based. Furthermore in balance weight calculation 
process 1 7, the calculated weight and attachment posi- 
tion data of balance weight 3 are sent, along with the 
identification number unique to wheel 1, to balance 
weight attachment process 18. Also in balance weight 
calculation process 1 7, the data that are put in a corre- 
sponding relationship to the identification number 
unique to wheel 1 and the identification number unique 
to tire 2 are sent to a phase matching setting process 20. 
[0098] The process to be performed on wheel 1 and 
tire 2 (or tire/wheel assembly 4) is comprised of phase 
matching setting process 20, mounting process 21 , air 
inflator process 22, tire fitter process 23, and stacking 
and delivery process 24. 

[0099] First, in phase matching setting process 20, 
wheel 1 and tire 2 are respectively selected based on 
the data that are put in a corresponding relationship to 
the identification number unique to wheel 1 and the iden- 
tification number unique to tire 2. Then in phase match- 
ing setting process 20, the positions of the phase match- 
ing seal 1a of wheel 1 and the phase matching seal 2a 
of tire 2 are matched and then wheel 1 and tire 2 are set 
in a mounting device (not shown). 
[0100] Then in mounting process 21 , tire 2 is fitted on- 
to the rim of wheel 1 by means of the mounting device. 
[0101] Subsequently in air inflator process 22, air is 
injected into tire/wheel assembly 4 by means of an air 
inflator (not shown) . 

[0102] Then in tire fitter process 23, the side face of 
tire 2 is hit by a lire litter (not shown) to release the air 
that is trapped between the flange of the rim of wheel 1 
and the outer side surface of tire 2. By thus improving 
the sealing property of the fitted parts of wheel land tire 
2, the RFV of tire/wheel assembly 4 is lessened further. 
Lastly in stacking and delivery process 24, tirc/wheel as- 
sembly 4 is stacked and delivered. 
[0103] With this assembling line 10, since balance 
weight 3 is attached prioriy to the outer circumferential 
surface 1c of the rim of wheel 1 in the balance weight 
attachment process 18, the outer appearance of tire/ 
wheel assembly 4 is improved and the need for perform- 
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ing an unbalance measurement process and a balance 
weight attachment process after assembly of wheel 1 
and tire 2 together is eliminated. Also with assembling 
line 10, the RFV of tire/wheel assembly 4 is lessened by 

5 the phase matching setting process 20, etc. and the un- 
balance of tire/wheel assembly 4 is also lessened by 
balance weight attachment process 18, etc. 
[0104] Though a description of Embodiment 1 of this 
invention has been given above, the tire/wheel assem- 

10 bly assembling method and assembling line of this in- 
vention are not limited to Embodiment 1 and may be put 
into practice in various forms. For example, though a 
seal was adhered as a means of marking, the applica- 
tion of ink or other means may be performed instead. 

15 

(Embodiment 2) 

[0105] Next, as Embodiment 2, an embodiment of a 
wheel, wheel manufacturing method, and tire/wheel as- 

20 sembly assembling method according to this invention 
shall be described with reference to Fig. 7 through Fig. 
1 1 . Fig. 7 is a perspective view of a wheel that has been 
adjusted in balance. Fig. 8 is a sectional view along line 
X-X of Fig. 7. Fig. 9 is a side view of a tiro. Fig. 10A is 

25 a perspective view of a machine tool for machining a 
net-shape part and Fig. 1 0B is a partially enlarged sec- 
tional side view of the machine toot. Fig. 11 is a side 
view of the wheel. 

[0106] As shown in Fig. 7, wheel 31 is made of alumi- 
30 num alloy or other light alloy and has a saucer-like disk 
36, having a center hole 35, which is the center part for 
fixing onto the hub, at its central part, and a substantially 
cylindrical rim 37, onto which a tire 32 is assembled. 
Though with Embodiment 2, wheel 31 is described as 
35 being manufactured integrally from a light alloy, the em- 
bodiment may be applied to the case where disk 36 and 
rim 37 are separate parts (two pieces) and the case 
where the wheel is comprised of three pieces. Wheel 31 
may also be manufactured from stainless steel or other 
40 material. 

[0107] Disk 36 has formed near center hole 35, bolt 
insertion holes 42 for insertion of the bolts of the hub 
and tightening by nuts. Also, a plurality of cooling holes 
43 are formed so as to surround center hole 35 at the 

45 peripheral part 36a (see Fig. 8) of disk 36. Cooling holes 
43 are holes for releasing the friction heat that is gener- 
ated by a disk brake that is provided adjacent the hub 
and taking in external air for cooling and these holes are 
opened as suitable for decoration as well. 

so [0108] Rim 37 has a substantially cylindrical shape 
with an inner circumferential surface 37a and an outer 
circumferential surface 37b, and the end parts of outer 
circumferential surface 37b are erected to form rim 
flanges 38. The beads of tire 32 are set along the rim 

55 flanges 38 and bead seats 39 at the inner sides of rim 
flanges 38 to assemble tire 32 onto wheel 31 and there- 
by form tire/wheel assembly 33. Furthermore, an air 
valve attachment hole 40, for attachment of an air valve 
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for introducing compressed air that inflates tire 32 is 
opened at the disk 36 side of rim 37. 
[0109] Bead seats 39 are slightly decentered in the 
upward direction of Fig. 8 with respect to center hole 35 
at which the hub and center are aligned, and the thick- 
ness of the bead seats 39 at the lower side of Fig. 8 are 
thus thinner by the corresponding amounts. 
[01 1 0] When tire 32 is rotated, vibration occurs due to 
the dimensional variations that arise from manufactur- 
ing errors. Causes of this vibration include differences 
among parts in the height between the inner diameter 
part 32a and the tread surface 32b of tire 32, differences 
among parts in the thickness of the treads, etc. As 
shown in Fig. 9, in the case where the distance (tire 
height) from the inner diameter part 32a of tire 32, which 
is fitted onto rim 37, to the tread surface 32b, which is 
the outer circumference of tire 32, varies, the dimension 
of the difference with respect to the part at which the 
abovemenlioned distance is the smallest is the RRO 
amount. 

[0111] With this RRO as the principal cause, tire 32 
undergoes vibration in the vertical direction during roll- 
ing. As has been mentioned above, the reaction force, 
which tire 32 generates in the radial direction with re- 
spect to the ground upon assembling together of a 
standard wheel that has been manufactured with a high 
degree of circularity and tire 32 is called RFV, and the 
peak of this RFV is indicated on tire 32 by the RFV peak 
mark 51. As has been mentioned above, since RRO is 
the principal cause of RFV, the peak position of RFV 
normally coincides with the peak position of RRO. 
[01 12] Tire 32 also has variations in the weight distri- 
bution due to manufacturing errors, and a light point 
mark 52 is indicated at the position of the light point, 
which is found to be in the lightest direction of tire 32 as 
a result of measurement of the balance according to 
each tire. 

[0113] Thus with tire 32, the light point position, the 
light point unbalance amount -g, the RFV position (max- 
imum point of RRO), the RRO amount + 6 , and the 
phase e from the light point to the RFV are known as a 
result of measurements. 

[0114] The method of manufacturing wheel 31 shall 
now be described. 

[0115] In manufacturing a balance-adjusted wheel 
31 , manufacturing is performed by adjusting the balance 
using the three data of the light point unbalance amount 
-g, RRO amount +5, and phase 0 in the following man- 
ner. 

[0116] In manufacturing wheel 31, a net-shape part, 
which has been made close in shape to the final shapes 
of disk 36 and rim 37 by casting, forging, drawing, etc., 
is subject to machining, etc. to bring the net-shape part 
to the final dimensions. 

[01 1 7] The machining performed to bring the respec- 
tive parts of wheel 31 to the final dimensions is per- 
formed by fixing a net-shape part 31a to the chuck 61 
of a machine tool 60 as shown in Fig. 1 0A and Fig. 1 0B, 
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and bringing a processing tool 62, equipped with a cut- 
ting tool of predetermined form, into contact with net- 
shape part31 a while rotating net-shape part 31 a togeth- 
er with chuck 61 and thereby tracing out the desired 
5 shape. Chuck 61 has attached to the central part, a ta- 
pered cone 63, which fits with center hole 35, and has 
disposed at the circumferential parts, three fixing parts 
64 for fixing the fixing stub 38a that extends from rim 
flange 38 of net-shape part 31 a. Chuck 61 is not limited 
to that of the form shown in Fig. 10A, and a stroke-type 
chuck, collet chuck, or any other suitable chuck may be 
used. Also, machine tool 60 may be a horizontal type 
machine tool. 

[01 18] As shown in Fig. 1 0B, with Embodiment 2, the 
position of tapered cone 63 is shifted so that the central 
axis MC of net-shape part 31a will be positioned below 
the rotation center axis DC of chuck 61 by just the dis- 
tance 5/2. In this condition, center hole 35 of net-shape 
part 31 a is fitted onto tapered cone 63 and the fixing 
stub 38a, which extends from rim flange 38 of net-shape 
part 31a, is fixed by means of the three fixing parts 64. 
Chuck 61 is then rotated with the central axis DC in Fig. 
1 0B as the axis of rotation to cut the bead seats 39. Bead 
seats 39 are thus decentered with respect to the center 
of tapered cone 63 of net-shape part 31a, and a maxi- 
mum RRO of + 5 and a minimum RRO (i.e. the low point) 
of - 5 are thereby formed. 

[0119] Next, with net-shape part 31a being fixed to 
chuck 61 , air valve attachment hole 40 is bored from the 
outer circumferential side of rim 37 at a part that is shift- 
ed in phase by just -8 from the direction of the minimum 
point of RRO. Trimming is then performed so that the 
unbalance amount in the direction of air valve attach- 
ment hole 40, which is shifted in phase by just -8 with 
respect to the direction of the minimum point of RRO, 
will be +g. 

[0120] The unbalance of wheel 31 shall now be de- 
scribed with reference to Fig. 11. The position at which 
trimming is performed and the amount of trimming are 
determined by calculation using the respective values 
of 5, g, and 8 as follows. Calculation is performed with 
G taking on a positive value when it is directed in the 
clockwise direction. First, the cutting out of bead seats 
39 of the rim in a manner whereby they will be decen- 
tered by just 8 /2 from the center of wheel 31 results in 
an unbalance of a vector Ve in the direction opposite the 
direction of the minimum point of RRO. In the present 
description, the vector expresses the direction and 
amount of unbalance. 

[0121] Then due to the provision of air valve attach- 
ment hole 40, an unbalance corresponding to just the 
vector Vh will occur in the direction of air valve attach- 
ment hole 40 when an air valve is attached. Then based 
on the fact that when an unbalance of +g arises in a 
direction shifted by just the phase -8 from the direction 
of the minimum point of RRO, the unbalance can be can- 
celed out upon assembly with tire 32, the vector Vg that 
corresponds to the shortage of unbalance in this direc- 
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tion is calculated. The vector Vf that will give rise to a 
vector Vg upon synthesis with a vector Vf is then deter- 
mined and trimming is performed in the direction oppo- 
site the direction of a vector Vf so that an unbalance 
corresponding to the magnitude of a vector Vf will arise. 
[0122] When the phase and amount of trimming has 
thus been determined, chuck 61 is rotated and is 
matched in phase with the processing tool. By then cut- 
ting out the excess material 37c (see Fig. 10B) remain- 
ing on the inner circumference of rim 37 by means of a 
drill or other processing tool, an unbalance correspond- 
ing to a vector Vf is made to arise to thereby adjust the 
unbalance. 

[0123] With a wheel 31 obtained thus, a heavy point 
of +g arises in the upward direction of Fig. 11 and the 
minimum point (low point) of RRO of an RRO amount 
of - 8 arises in the direction of just the phase e from the 
heavy point. Also, since trimming is performed so that 
the direction of the heavy point will be matched with the 
air valve position, the air valve position will necessarily 
be the heavy point. 

[0124] In assembling wheel 31 and tire 32 together, 
the assembly is performed upon matching the air valve 
of wheel 31 with the light point mark 52 of tire 32. The 
positions of the minimum point of RRO of wheel 31 , the 
maximum point of RRO of tire 32, and the maximum 
point of RFV will then be matched. The heavy point 4-g 
of wheel 31 and the light point -g of tire 32 will thus can- 
cel each other out and the minimum RRO amount - 5 of 
wheel 31 and the maximum RRO amount -t- 6 of tire 32 
will also cancel each other out. 

[0125] Thus if a worker or an assembling device per- 
forms assembly upon matching the air valve position of 
wheel 31 with the light point mark 52 of tire 32. a tire/ 
wheel assembly, which is statically balanced and with 
which the vertical runout of the entire car wheel is min- 
imized, can be made even without subsequent modifi- 
cation of the balance using a balance weight. 
[0126] Though with Embodiment 2, the minimum 
RRO amount - 5 of wheel 31 was formed intentionally 
by decentering bead seats 39 in the finishing of bead 
seats 39, in the case where an already finished wheel 
31 is to be used, the vertical runout of bead seats 39 of 
wheel 31 can be measured to determine the minimum 
point of RRO of wheel 31 and an air valve attachment 
hole and trimmed hole can be formed in the same man- 
ner as the manufacturing method described above so 
that a heavy point +g will be formed at a position of -0 
from the direction of the minimum point of RRO. 
[01 27] By thus assembling a tire/wheel assembly up- 
on matching the air valve of the wheel 31 , manufactured 
in the above-described manner, and the light point mark 
52 of tire 32, a tire/wheel assembly, which is statically 
balanced, can be obtained while minimizing the vertical 
runout of the tire/wheel assembly as a whole even using 
an already finished wheel. 

[0128] Though Embodiment 2 of this invention has 
been described above, the wheel, wheel manufacturing 



method, and tire/wheel assembly assembling method 
according to this invention are not limited to Embodi- 
ment 2 but can be put into practice in various forms. For 
example, the trimming is not limited to that by drilling but 

5 can be performed by various methods of processing, 
such as processing by laser, water, discharge, etc., as 
long as the method is one with which the position and 
amount of trimming can be controlled. Also, the air valve 
position does not have to be made the heavy point nec- 

w essarily, and as long as marking is performed so that 
the heavy point position can be distinguished, a position 
that has no relationship to the air valve can be made the 
heavy point. 

15 (Embodiment 3) 

[0129] Next as Embodiment 3, an embodiment of a 
wheel according to this invention shall be described with 
reference to Fig. 12 through Fig. 17. Fig. 12 is an ex- 

20 pioded perspective view of a wheel. Fig. 13 is a plan 
view of the disk material of the wheel of Fig. 12. Fig. 14 
shows another form of Embodiment 3, with Fig. 1 4A be- 
ing a plan view of the disk material of a wheel and Fig. 
14B being a perspective view of the disk of the wheel. 

25 Fig. 15 shows another form, with Fig. 15A being a plan 
view of the disk material of a wheel and Fig. 15B being 
a perspective view of the disk of the wheel. Fig. 1 6 is a 
plan view of the disk material of a wheel of another form. 
Fig. 17 is a front view of a wheel made using the disk 

30 material of Fig. 16. 

[0130] As shown in Fig. 12, wheel 71 is comprised of 
a disk 72, which is bolted onto an unillustrated axle shaft 
and receives the driving force of the axle shaft, and a 
rim 73, onto the outer circumference of which a tire is 

35 fitted and the inner diameter part of which is welded and 
bonded to disk 72. 

[0131] Disk 72 is made by drawing a rolled steel plate 
into a cup-like shape, and on the cup-like disk surface 
72a are provided bolt insertion holes 81 , through which 

40 bolts are inserted when fixing the disk to an axle shaft, 
ventilation holes 82, for cooling the brake that is posi- 
tioned inside the wheel, and a center hole 83, for setting 
the center of wheel 71. At the wall surface part 72b of 
the cup-like shape, the shape of the material punched 

4 5 out from a rolled steel plate is left as it is so that the edge 
parts are protruded or recessed. Of the edge parts of 
wall surface part 72b, the protruding parts are the weld- 
ed parts 84 that are welded to rim 73. Furthermore, of 
the edge parts of wall surface part 72b, one of the plu- 

50 rality of parts that are recessed (Embodiment 3 has four 
such parts) is gouged more deeply than the other re- 
cessed parts. Wall surface part 72b is the fitting part that 
is fitted into the inner diameter part of rim 73. 
[01 32] In Fig. 1 2, the imaginary line 85a, drawn as an 

55 alternate long and two short dashes line, indicates the 
shape of the abovementioned other recessed parts and 
the trimmed-shape line 85, drawn as a solid line, indi- 
cates the abovementioned gouged shape. That is, disk 
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72 has a shape with which a part of the non-welded edge 
parts is trimmed. 

[0133] The disk material 100 shown in Fig. 13 shall 
now be described. As shown in Fig. 13, disk material 
1 00 has a shape with which the four corners of a blank 5 
102, made by cutting a rolled steel plate into substan- 
tially square shape, are cut off in arcuate shapes. Also 
with disk material 100, the left side as shown in Fig. 13 
has a slightly gouged shape in comparison to the other 
sides. Of the parts of disk material 1 00, the part outside io 
the outer circumferential line 104, which becomes the 
outline of the outer circumference of disk 72, is the part 
that becomes the wall surface part 72b when disk ma- 
terial 1 00 is drawn into a cup-like shape. When disk ma- 
terial 1 00 is drawn into a cup-like shape and becomes 15 
disk 72, the abovementioned arcuate parts become the 
welded parts 84 and the gouged part becomes the 
trimmed-shape line 85. 

[0134] In Fig. 13, the horizontal direction is the direc- 
tion of rolling in the process of manufacturing the rolled 20 
steel plate. Since a rolled steel plate is extended slightly 
more readily in the rolled direction than in the direction 
perpendicular to the rolled direction , blank 102 is cut to 
be slightly shorter in the rolled direction than in the di- 
rection perpendicular to the rolled direction. 25 
[0135] Rim 73 has a substantially cylindrical shape 
and the outer circumferential surface thereof is arranged 
so that a tire can be mounted thereto. At the edge parts 
at both sides of rim 73 are provided rim flanges 91 for 
preventing the mounted tire from falling off. Of the parts 30 
of rim flange 91 , an air valve attachment hole 92, for 
attachment of an air vah/e for putting air into the tire, is 
provided at a part that will be positioned at the outer sur- 
face side of an automobile. Though rim 73 has a large 
weight, the scattering among products is small and the 35 
static unbalance amount is low. However, due to an air 
valve becoming attached to air valve attachment hole 
92, the air valve attachment hole 92 side tends to be- 
come heavy after assembly. Embodiment 3 may be ap- 
plied to a wheel with which a rim and disk are combined, 40 
and particularly to a wheel with which the side face parts 
of a cup-like disk are fitted into the inner diameter part 
of a rim. Thus as the rim, any known type of rim may be 
used as long as it is one with which an above-described 
disk can be fitted and bonded. 45 
[0136] Wheel 71 is formed by fitting disk 72 into the 
inner diameter part of rim 73 and welding welded parts 
84 to the inner diameter parts of rim 73. As shown in 
Fig. 12, disk 72 is fitted and welded so that air valve 
attachment hole 92 and trimmed-shape line 85 will be so 
at positions that are shifted by 1 80 degrees with respect 
to each other as viewed from the center of disk 72. Since 
assembly is thus performed so that wheel 71 will be 
made heavier in the air valve direction by both the weight 
of the air valve and the trimmed shape of trimmed-shape 55 
line 85, the heavy point will always be in the direction of 
air valve attachment hole 92 with wheel 71 . 
[01 37] With wheel 71 , since the direction of the heavy 



point can thus be known using the air valve as a guide- 
line, the work of attaching a balance weight in the proc- 
ess of assembling wheel 71 and a tire together can be 
performed efficiently. 

[01 38] Next, a disk material 1 1 0 and a disk 1 1 4 of an- 
other form shown in Fig. 14 shall be described. In the 
following description, parts that are practically the same 
as those of the above-described disk 72 and disk mate- 
rial 1 00 are provided with the same symbols and de- 
tailed descriptions thereof shall be omitted. Also with the 
embodiments to be described below, since other exam- 
ples of shapes of the rim of the disk and fitted parts shall 
be given, the description shall be given mainly using a 
disk material that substantially takes on a developed 
shape with respect to the disk. 

[0139] As shown in Fig. 14A, disk material 110 has a 
shape with which the four corners of a blank 1 02, made 
by cutting a rolled steel plate Into substantially square 
shape, are cut off in arcuate shapes. Of the abovemen- 
tioned arcuate shapes, the welded part 111 , which is the 
arcuate shape at the upper left in Fig. 14A, is positioned 
further to the outer side than the imaginary arc 1 1 3 that 
corresponds to the welded parts 84, which are the other 
arcuate shapes. Thus when disk material 110 is drawn 
into a cup-shaped disk 114 as shown in Fig. 14B, the 
disk becomes heavier in the direction of welded part 111 
than in the other directions by the weight of the plate 
between welded part 111 and the arc 113. That is, disk 
114, made from disk material 110, has the form where 
an augmented shape is provided at welded part 84. A 
small notch 118 formed in welded part 111 can be used 
as a mark that indicates where the augmented shape 
part is in the process of bonding with the rim. The part 
outside the outer circumferential line 115, which be- 
comes the outline of the outer circumference of disk 114, 
becomes the wall surface part 72b and the part that is 
fitted to rim 73 when disk material 110 is drawn and 
made into the cup-shaped disk 114 (see Fig. 12). 
[01 40] When disk material 1 1 0 with such an augment- 
ed shape is then drawn and formed into a disk and then 
disk 1 1 4 and rim 73 are joined (see Fig. 1 2) upon match- 
ing the direction of the abovementioned augmented 
shape with the direction of air valve attachment hole 92 
of rim 73, since the unbalance due to the air valve and 
the unbalance due to the abovementioned augmented 
shape combine to make the direction of the air valve 
heavy, the wheel can be made one with which the heavy 
point is positioned in the direction of the air valve at all 
times. 

[0141] On the other hand, if disk 114 and rim 73 are 
joined (see Fig. 12) upon setting the direction of the 
abovementioned augmented shape and the direction of 
air valve attachment hole 92 1 80 degrees opposite each 
other, the unbalance due to the abovementioned aug- 
mented shape and the unbalance due to the air valve 
will cancel each other out to provide a wheel with a low 
amount of unbalance. 

[0142] A disk material 120 and disk 124 of another 
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form shown in Fig. 15 shall now be described. In the 
following description, parts that are practically the same 
as those of the above-described disks 72 and 114 and 
disk materials 100 and 110 shall be provided with the 
same symbols and detailed descriptions thereof shall be 5 
omitted. 

[0143] Disk material 120 has a shape with which the 
four corners of a blank 102, made by cutting a rolled 
steel plate into substantially square shape, are cut off in 
arcuate shapes. Of the abovementioned arcuate 
shapes, the welded part 1 21 , which is the arcuate shape 
at the upper left in Fig. 15A, is positioned further to the 
inner side than the arc 123, which corresponds to the 
welded parts 84 that are the other arcuate shapes. Thus 
when disk material 120 is drawn into a cup-shaped disk 
124 as shown in Fig. 15B, the disk will be lighter in the 
direction of welded part 121 than in the other directions 
by the weight of the plate between welded part 121 and 
the arc 123. That is, disk 124 : made from disk material 
120, has the form where a trimmed shape is provided 
at a part of a welded part 84. A small notch 128 formed 
in welded part 121 can be used as a mark that indicates 
where the trimmed shape part is in the process of joining 
with the rim. The part outside the outer circumferential 
line 125, which becomes the outline of the outer circum- 
ference of disk 124, becomes the wall surface part 72b 
and the part that is fitted to rim 73 when disk material 
120 is drawn and made into the cup-shaped disk 124 
(see Fig. 1 2). 

[0144] When disk material 120 with such a trimmed 
shape is then drawn and formed into a disk and then 
disk 1 24 and rim 73 are joined (see Fig. 1 2) upon match- 
ing the direction of the abovementioned trimmed shape 
with the direction of air valve attachment hole 92 of rim 
73, the unbalance due to the abovementioned trimmed 
shape and the unbalance due to the air valve cancel 
each other out to provide a wheel with a low amount of 
unbalance. 

[0145] On the other hand, if disk 124 and rim 73 are 
joined (see Fig. 12) upon setting the direction of the 
abovementioned trimmed shape and the direction of air 
valve attachment hole 92 180 degrees opposite each 
other, the unbalance due to the air valve and the unbal- 
ance due to the abovementioned trimmed shape com- 
bine to make the direction of the air valve heavy, and 
the wheel can thus be made one with which the heavy 
point is positioned in the direction of the air valve at all 
times. 

[0146] A disk material 130 and wheel 1 38 of another 
form shown in Fig. 16 and Fig. 17 shall now be de- 
scribed. In the following description, parts that are prac- 
tically the same as those of the above-described wheel 
71, disks 72, 114, and 124. and disk materials 100, 110, 
and 120 shall be provided with the same symbols and 
detailed descriptions thereof shall be omitted. 
[0147] Disk material 130 has a shape with which the 
four comers of a blank 102, made by cutting a rolled 
steel plate into substantially square shape, are cut off in 



30 

arcuate shapes that become welded parts 84. In Fig. 16, 
the part outside the outer circumferential line 1 35, which 
becomes the outline of the outer circumference of disk 
137, shown in Fig. 17. becomes the wall surface part 
72b of disk 1 37 and the part that is fitted into rim 73 (see 
Fig. 12). 

[0148] Of the abovementioned fitted part of disk ma- 
terial 130, a trimmed hole 131 is provided at the part at 
the upper left in Fig. 16. 

[0149] Disk material 130 with such a trimmed shape 
is drawn and formed into disk 137 and then, as shown 
in Fig. 1 7, disk 1 37 and rim 73 are joined by welding with 
the direction of trimmed hole 131 being shifted by an 
angle y with respect to the direction of the air valve. 
[0150] When an air valve is attached to rim 73, the 
total unbalance of wheel 138 will be comprised of the 
unbalance due to the air valve and the unbalance of 
wheel 138 itself. Thus with wheel 138 of Embodiments, 
when the unbalance amount due Lo the air valve is ex- 
pressed as a vector Vi and the unbalance amount of disk 
137 due to trimmed hole 131 is expressed as a vector 
Vj, the unbalance amount of wheel 138 as a whole will 
have the direction and magnitude of the vector Vk, re- 
sulting from the synthesis of a vector Vi and a vector Vj. 
[0151] Thus by suitably selecting the magnitudes of 
angle y and trimmed hole 131 , a wheel 1 38 of a desired 
amount of unbalance can be provided. 
[0152] Though a description of Embodiment 3 of this 
invention has been given above, the wheel according to 
this invention is not limited to Embodiment 3 and may 
be put into practice in various forms. For example, the 
augmented shape or trimmed shape may be provided 
in plurality or the shape of the outer circumference of 
the disk material may be decentered to make it relatively 
heavier in a certain direction than in other directions. In 
this case, the direction in which the disk is heavy will 
correspond to an augmented shape and the direction in 
which the disk is light will correspond to a trimmed 
shape. 

(Embodiment 4) 

[0153] As Embodiment 4, an embodiment of a wheel 
according to this invention shall be described with ref- 
erence to Fig. 1 8 through Fig. 22. Fig. 1 8A is a side view 
of a wheel and Fig. 1 8B is a side view of a tire. Fig. 19 
is an external perspective view of a tire/wheel assembly. 
Fig. 20 shows partial sectional views of a rim, with Fig. 
20A showing the condition prior to attachment of an air 
valve seat and an air valve and Fig. 20 B showing the 
condition after attachment. Fig. 21 is a partial sectional 
view of a rim of another form. Fig. 22 is a partial sectional 
view of a rim of another form. 

[0154] In Fig. 18A, the main body 141 a of a wheel 141 
is manufactured using an aluminum alloy or magnesium 
alloy, etc. as the material and by means a die cast de- 
vice, etc. An air valve 142, for supplying compressed air 
to tire 140, is attached to the rim 141b, which forms the 
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circumferential surface of main body 141a. 
[0155] Air valve 142 has a casing structure of the 
same form as that is described in the section on the prior 
art and is comprised of stem part 142a. with a substan- 
tially cylindrical shape, and a grommet part 1 42b, which 5 
is formed across a fitting groove 142c provided along 
the circumferential direction at one end of stem part 
1 42a. An air inlet 1 42d is formed at the other end of stem 
part 142a, and a cap 142e is attached so as to cover 
this air inlet 1 42d. The surfaces of stem part 1 42a, grom- 10 
met part 142b, and fitting groove 1 42c are covered with 
a synthetic rubber material. 

[0156] As shown in Fig. 20, rim part 141b has a single 
step part or a plurality of step parts formed in the radial 
direction, and an air valve hole 141d, which is a circular »5 
hole, is bored in a side wall part 141c, which comprises 
a certain step. The principal characteristic of the present 
embodiment is that an annular air valve seat (indicated 
by symbol 143 in Fig. 20, symbol 144 in Fig. 21, and 
symbol 1 45 in Fig. 22) is fitted and fixed in this air valve 20 
hole 1 42d and air valve 1 42 is attached to this air valve 
seat. 

[0157] The material of the air valve seat is preferably 
a material that is greater in specific gravity than the ma- 
terial of the main body 141a of wheel 141 , and for ex- 25 
ample, in the case where the material of main body 141a 
is iron, lead and the like are favorable as the material of 
the air valve seat. Also, in the case where the material 
of main body 141a is a light metal aluminum alloy, etc., 
iron, chromium and the like may be used besides lead 30 
as the material of the air valve seat. In any case, an ap- 
propriate material is selected in consideration of rust- 
proof properties, corrosion resistance, etc. as well. 
Needless to say, the material of the air valve seat is not 
limited to a metal material and the seat may be arranged 35 
from a synthetic resin material, etc. as well. 
[0158] Three forms, based on differences in the 
shape of the air valve seat, shall now be described. 
[0159] First, the air valve seat 143, shown in Fig. 20, 
shall be described. Fig. 20 shows the case where air 40 
valve seat 143 is member with a simple, ring-like shape 
with a height dimension that is substantially the same 
as the thickness dimension of side wall part 1 41 c of rim 
141b and an outer diameter dimension equal to the di- 
ameter dimension of air valve hole 141d. An air valve 45 
attachment hole 1 43a is formed in the center of air valve 
seal 143 so as lo pass through from the front to the rear 
of the seat. The front and rear peripheral parts 143b are 
subject to edge treatment in advance in the stage prior 
to attachment to main body 1 41 a, and this edge-treated so 
air valve seat 143 is fitted and fixed in air valve hole 1 41 d 
by press fitting or use of an adhesive agent. Air valvo 
142 is attached to the air valve seat 143 that has been 
fitted and fixed in air valve hole 141d, and stem part 
1 42a is inserted from the tire attachment side into air 55 
valve attachment hole 143a using the resilience of rub- 
ber and fitting groove 1 42c is fitted to the circumferential 
surface of air valve attachment hole 143a to stop grom- 



met part 1 42b onto the rear surface of air valve seat 1 43 
(the condition of Fig. 20B). Needless to say, the front 
and rear peripheral parts of air valve hole 141 d do not 
need to be subject to edge treatment since these parts 
do not come in contact with air valve 142. 
[0160] This arrangement, wherein ring-shaped air 
valve seat 1 43, which is fitted and fixed in air valve hole 
141d bored in rim 141b, is provided and air valve 142 is 
attached to this air valve seat 1 43, provides the following 
effects. That is, whereas with regard to the problem of 
edge treatment of the peripheral parts of the hole for 
attachment of air valve 142, treatment had to be per- 
formed on each wheel, which is a large-shaped part, 
with Embodiment 4, treatment can be performed on 
each air valve seat, in other words, on each part with an 
extremely small shape. The occupied space required for 
the edge treatment process can thus be reduced, the 
labor burden placed on a worker can be lightened, and 
since culling can be performed readily using a general 
tool machine and without requiring special tools or jigs, 
etc., the simplification of the edge treatment can be re- 
alized. Also, in the case where air valve seat 1 43 is man- 
ufactured with air valve attachment hole 143a being 
formed already by casting, resin forming, etc., the use 
of a mold that forms, for example, cut surfaces (C-sur- 
faces) or round surfaces (R-surfaces) at the abovemen- 
tioned peripheral parts 143b enables elimination of the 
process of edge treatment by cutting. 
[0161] Also, by making air valve seat 143 from a ma- 
terial with a specific gravity that is greater than the ma- 
terial of the main body 141a of wheel 141, the heavy 
point of static unbalance of wheel 141 can be matched 
with the position of attachment of air valve 142, and in 
comparison to the prior art case where the weight of the 
air valve itself is adjusted, excellent economy and effi- 
ciency of the adjustment work can be realized since just 
a standard specification item can be used as the air 
valve. Obviously, strictly speaking, in the case where the 
scattering of the weight distribution is extremely large 
among the respective products due to manufacturing er- 
rors of main body 141a, this scattering may override the 
total weight of air valve seat 143 and air valve 142 and 
an assembly may be produced where the heavy point 
is not matched with the position of attachment of air 
valve 142. However, by taking such means as making 
air valve seat 143 large in shape and heavy, etc., the 
degree to which the heavy poinl is matched with the po- 
sition of attachment of air valve 142 can be increased. 
[0162] The wheel 141 , with which the position of at- 
tachment of air valve 142 is matched with the heavy 
point of static unbalance by the above arrangement, is 
subject to a recheck regarding the heavy point using, for 
example, a wheel balancer, and then phase matched 
with the light point of static unbalance of the tire 1 40 side 
at the air valve 142 part and assembled as a tire/wheel 
assembly. Actually with tire 140, a seal or other mark 
1 40a is attached to the side part as a mark for indicating 
the light point of static unbalance as shown in Fig. 18B, 
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and the tire/wheel assembly is assembled so that mark 
1 40a and air valve 1 42 will be closest to each other. The 
respective static unbalances of the wheel 141 side and 
tire 140 side thereby cancel each other out, thus less- 
ening the static unbalance of the tire/wheel assembly. 
Also, as another example of assembly, assembly may 
be performed upon matching the direction of the RFV 
with the direction of the minimum point (low point) of 
RRO of the wheel as has been described above. Since 
the abovementioned mark 140a at the tire side and the 
attachment position of air valve 142, which will be the 
heavy point of the tire side, will normally be at positions 
that are mutually shifted with respect to each other in 
this case, the static unbalance of the tire/wheel assem- 
bly as a whole is lessened by separately attaching a bal- 
ance weight. The attachment of the balance weight is 
performed using the attachment position of air valve 
1 42, which is the heavy point, as a guideline in this case 
as well, and the efficiency of the balance weight attach- 
ment work will thus be improved. 
[0163] The air valve seat 144 shown in Fig. 21 shall 
now be described. 

[0164] In the case of the above-described air valve 
seat 143, compressed air may leak from the so-called 
press-fit surface, which is the surface at which the inner 
peripheral part of air valve hole 141 d and the outer pe- 
ripheral part of air valve seat 143 contact each other 
(see Fig. 20). The air valve seat 144 of the present form 
has a shape that resolves this problem of leakage of 
compressed air, and as shown in Fig. 21, is provided 
with a small-diameter part 1 44a at a portion that fits into 
air valve hole 141d and a stopping part (in Embodiment 
4, the large-diameter part 1 44b, which is larger in diam- 
eter than the outer diameter of small-diameter part 
144a) which comes in surface contact with and is made 
stoppable by the wall surface of side wall part 141c 
along the circumferential direction of airvalve hole 141d. 
The height dimension of small-diameter part 144a is 
substantially the same as the thickness dimension of 
side wall part 141c and the outer diameter is equal in 
dimension to the diameter dimension of air valve hole 

1 41 d. An air valve attachment hole 1 44c, which passes 
through from the front to rear, is formed at the center of 
air valve seat 144. As in the case of air valve seat 143, 
the front and rear peripheral parts 144d are subject to 
edge treatment in advance in the stage prior to attach- 
ment to Ihe main body 1 41 a of wheel 1 41 , and this edge- 
treated air valve seat 144 is fitted and fixed, at the por- 
tion of small-diameter part 144a, in airvalve hole 141d 
by press fitting or use of an adhesive agent. Air valve 

142 is attached in basically the same manner as air 
valve seat 1 43. However, since the height dimension of 
air valve seat 144 is greater than air valve seat 143 due 
to the forming of large-diameter part 144b : the width di- 
mension of fitting groove 142c at the air valve 142 side 
is made larger accordingly. 

[0165] Since in the case of air valve seat 144, an an- 
nular contacting surface 144e can thus be secured be- 



tween air valve seat 144 and the wall surface of side 
wall part 141c in addition to the press-fit surface, the 
leakage of compressed air can be reduced by the inter- 
position of contacting surface 1 44e. As in the case of air 

5 valve seat 1 43, air valve seat 1 44 also enables reduction 
of the occupied space required for the edge treatment 
process, lightening of the labor burden placed on a 
worker, and simplification or elimination of edge treat- 
ment. Also, since the weight of the air valve seat itself 

10 is increased in comparison to the case of air valve seat 
143 due to the existence of the stopping part (large-di- 
ameter part 144b) in the case of airvalve seat 144, air 
valve seat 1 44 is effective as a means for matching the 
heavy point of wheel 141 with the attachment position 

'5 of air valve 142. Needless to say, the degree by which 
the heavy point is matched with the attachment position 
of air valve 1 42 can be increased further with air valve 
seat 144 by making the seat from a material of higher 
specific gravity than the material of the main body 1 41 a 

20 of wheel 141. 

[0166] The airvalve seat 145 shown in Fig. 22 shall 
now be described. 

[0167] Air valve seat 145 is also an example with 
which the abovementioned problem of leakage of com- 

25 pressed air is resolved. First as an air valve hole at the 
side wall part 141c side of rim 141b, a small-diameter 
hole part d1 , within the thickness of which the fitting 
groove 142c of air valve 142 can be fitted, and a large- 
diameter part d2, which is larger in diameter than the 

30 small-diameter part d1 , are formed in a step-like and 
concentric manner. The ring-shaped airvalve seat 145, 
having an airvalve attachment hole 145a of substantial- 
ly the same dimension as the inner diameter of small- 
diameter hole part d1 is then fitted and fixed in large- 

35 diameter hole part d2 by press fitting or use of an adhe- 
sive agent. As in the case of air valve seats 143 and 
1 44, the front and rear peripheral parts 1 45b of air valve 
attachment hole 1 45a of air valve seat 1 45 are also sub- 
ject to edge treatment in advance. With the present 

*o form, edge treatment must be applied to the peripheral 
parts 141e of small-diameter hole part d1 . 
[01 68] With the present form, since so-called sealing 
surfaces are formed between an annular stopping sur- 
face 1 42f of grommet part 1 42b and the wall surface of 

45 side wall part 141c and between the inner circumferen- 
tial surface of small -diameter hole part d1 and the outer 
circumferential surface of fitting groove 142c, the relia- 
bility concerning the leakage of compressed air is im- 
proved further. Also, with the present form, the degree 

so by which the heavy point of the static unbalance is 
matched with the attachment position of air valve 142 
can be increased further by making air valve seat 1 45 
from a material of higher specific gravity than the mate- 
rial of the main body 141a of wheel 141 . 

55 [0169] Though Embodiment 4 of this invention has 
been described above, the wheel according to this in- 
vention is not limited to Embodiment 4 and may be put 
into practice in various forms. For example, this inven- 
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tion may be applied not only to the case where the struc- 
ture of the main body of the wheel is a single-piece struc- 
ture but also to the case where the wheel has a two- 
piece structure, three-piece structure, etc. This inven- 
tion is also not limited to these forms and design chang- 
es can be made as suitable within a range that does not 
fall outside the gist of the invention. 

(Embodiment 5) 

[0170] As Embodiment 5 t an embodiment of a wheel 
according to this invention shall be described with ref- 
erence to Fig. 23 through Fig. 25. Fig. 23 shows the case 
where augmented shapes are provided at the decora- 
tive holes of a wheel, with Fig. 23A being a side view of 
the wheel as viewed from the rear side and Fig. 23B 
being a sectional view along line A-A of Fig. 23A. Fig. 

24 shows the case where augmented shapes are pro- 
vided al the indented parts of the rear surface of the 
spokes of a wheel, with Fig. 24A being a side view of 
the wheel as viewed from the rear side and Fig. 24B 
being a sectional view along line B-B of Fig. 24A. Fig. 

25 shows explanatory drawings of patterns of positions 
at which augmented shapes are added along the cir- 
cumference of a wheel, with Fig. 25A showing the case 
where the augmented shapes are set at positions that 
match the position of an air valve attachment hole, Fig. 
25B showing the case where the augmented shapes are 
set at positions at the side opposite the air valve attach- 
ment hole, and Fig. 25C showing the case where the 
augmented shapes are provided at positions shifted by 
an angle 4» (0 ° < e < 180°) with respect to the direction 
of the position of the air valve attachment hole. 
[0171] In Fig. 23, wheel 151 is comprised of a disk 

152, which is fixed by bolts to an unillustrated axle shaft 
and receives the driving force of the axle shaft and a 
rim 1 53, which is erected cylindrical ly from the edge part 
of disk 1 52 and is the portion to the outer circumferential 
side of which a tire is mounted. An air valve attachment 
hole 1 53a, for attachment of an air valve (not shown) for 
supplying compressed air into the tire, is formed on rim 

1 53. The material of wheel 1 51 is comprised for example 
of a light alloy (aluminum alloy : etc.). The illustrated 
wheel 151 is of a type that is manufactured by monobloc 
casting (or forging) of the disk 152 and rim 152 by a 
mold. Generally, wheel 1 51 is not assembled together 
with the tire in the form of a net-shape part immediately 
after manufacture by a mold but is in many cases subject 
to a cutting process and polishing process of at least the 
outer circumferential side of rim 153, to which the tire is 
mounted, and the inner circumferential side of the center 
hole, to which the axle shaft is fitted, in order to improve 
the mounting precision or to a cutting process and pol- 
ishing process of the front surface side (and in some 
cases, the rear surface side as well) of disk 1 52 for the 
purpose of burr removal, hairline imprinting, etc. for im- 
proving the aesthetic appearance, and wheel 151 is as- 
sembled together with the tire after being subject to such 



finishing processes 

[0172] With Embodiment 5, augmented shapes 154 
or trimmed shapes 155 (see Fig. 24A) are provided in a 
localized manner in the condition of the net-shape part 

5 immediately after manufacture of wheel 151 by a mold, 
and this Embodiment is mainly characterized in being 
arranged so that the weight balance (static balance) of 
wheel 151 is adjusted by means of these augmented 
shapes 154 or trimmed shapes 155. That is, in the de- 

10 sign of the mold side, recessed parts corresponding to 
augmented shapes 1 54 or protruding parts correspond- 
ing to trimmed shapes 155 are formed in a localized 
manner. 

[0173] First, two forms, with which wheel 151 is pro- 
's vided with augmented shapes 154 and which differ in 
the shapes of the locations at which the augmented 
shapes are added, shall be described. With both forms, 
augmented shapes 154 are provided at locations that 
are not subject to the abovemenlioned finishing proc- 
20 esses so that augmented shapes 1 54 will not be cut off. 
[0174] A form, wherein augmented shapes 154 are 
provided at a decorative hole, shall now be described 
with reference to Fig. 23. 

[01 75] In Fig. 23, disk 1 52 has a plurality of decorative 

25 holes 1 56 (five in the case of the type illustrated) , which 
serve both a decorative function and the function of re- 
leasing the brake heat, formed at equal intervals in the 
circumferential direction. With the present form, aug- 
mented shapes 1 54 are provided at the inner peripheral 

30 surface of such a decorative hole 1 56. To be specific, 
augmented shapes 154 are provided at the inner cir- 
cumferential surface of one decorative hole (with the 
present form, the decorative hole, at which air valve at- 
tachment hole 1 53a is positioned and is provisionally in- 

35 dicated by the symbol 1 56a) among the plurality of dec- 
orative holes 156. With this form, each decorative hole 
156 has a substantially triangular shape with the apex 
at the side closer to the center of disk 1 52, and augment- 
ed shapes 154 are provided as a left and right pair at 

^0 the other two corner parts of decorative hole 156a 
(though obviously the augmented shapes may be pro- 
vided at the apex corner part or at the side portions, the 
augmented shapes are preferably provided close to rim 

153 for the purpose of effective balance adjustment) . 
45 The imaginary lines shown in decorative hole 156a in 

Fig. 23A illustrate the case where augmented shapes 

154 are not provided, that is, illustrate the case where 
decorative hole 1 56a has the same shape as the other 
decorative holes 156. 

so [01 76] In consideration of the scattering of the weight 
balance due to manufacturing errors of the mold, the 
weight of augmented shapes 154 is set to a value that 
exceeds this scattering, for example, 20 to 50g. The 
heavy point of wheel 1 51 in the net-shape part condition 

55 will thus be positioned in the direction in which augment- 
ed shapes 1 54 are provided, in other words, in the di- 
rection that passes through the central part of decorative 
hole 156a (with the present form, the direction in which 
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air valve attachment hole 153a is positioned) . As has 
been mentioned above, the weight of augmented 
shapes 154 is a minute weight of approximately 20 to 
50g and the volume required therefor is extremely small. 
Decorative hole 1 56a can thus be made to have a shape 
with which the differences between the other decorative 
holes 156 are unrecognizable, and the outer appear- 
ance will therefore not be damaged. 
[01 77] A form , with wh ich augmented shapes 1 54 are 
provided at the recessed parts of the rear surfaces of 
spokes, shall now be described with reference to Fig. 
24. 

[0178] There are many cases where a recessed part 
1 58, for the purpose of lightening of the axial weight and 
securing of strength, is formed on the rear surface side 
of a so-called spoke 1 57, which is extended in the radial 
direction between adjacent decorative holes 156. With 
the present form, an augmented shape 154 is provided 
at the inner wall surface of this recessed part 1 58. In the 
case where a recessed part 1 58 is not formed or finish- 
ing of the rear surface is not performed, an augmented 
shape 154 can be provided on the rear surface part of 
spoke 157 as it is. However, in this case, caution is re- 
quired in design so as to avoid interference with the 
brake caliper, and if a recessed part is provided in such 
a case, it is effective to form an augmented shape 1 54 
on the inner wall surface of a recessed part 158, which 
does not require finishing and which will not interfere 
with the brake caliper. As with the form described above, 
the form illustrated in the present Figure has an arrange- 
ment where the heavy point is matched with air valve 
attachment hole 153a, and augmented shapes 154 are 
provided at symmetric positions of the left and right re- 
cessed parts 158 (indicated provisionally by the symbol 
1 58a) that sandwich the air valve attachment hole 1 53a. 
[01 79] The weight of augmented shapes 1 54 is deter- 
mined in consideration of the scattering of the weight 
balance due to manufacturing errors of the mold in the 
case of the present form as well. The heavy point of 
wheel 151 in the condition of the net-shape part is thus 
put in the direction in which augmented shapes 1 54 are 
provided, and in the case of the present form, the heavy 
point is positioned in the direction in which air valve at- 
tachment hole 1 53a is formed. With the present form, 
since augmented shapes 154 are provided at the rear 
surface side of disk 152 that will not be visible, the outer 
appearance does not have lo be considered as in the 
above-described form and the merit of greater degree 
of freedom of design is thus provided. 
[0180] A form, with which a trimmed shapes 155 are 
provided on a wheel 151 shall now be described with 
reference to Fig. 24. 

[0181] Though in the case of the abovementioned 
augmented shapes 1 54, the heavy point will obviously 
be positioned at the side at which the augmented 
shapes are provided, in the case where trimmed shapes 
155 are provided, the heavy point will be positioned at 
a location that is 1 80 degrees opposite about the center 



of disk 152. As shown in Fig. 24 for example, at a re- 
cessed part 158 (provisionally indicated by the symbol 
158a) at the position that opposes air valve attachment 
hole 153a across the center of disk 152, a recess (indi- 
5 cated by imaginary lines), which is greaterthan the other 
recessed parts 158 : is formed as trimmed shapes 155. 
The weight of the air valve attachment hole 153a side 
will thus be increased relatively and the heavy point of 
wheel 151 will be positioned at the air valve attachment 

io hole 153a side. However, in the case where trimmed 
shapes 155 are formed, since a considerable volume is 
required in order to realize a balance adjustment effect 
that is equivalent to the forming of augmented shapes 
154, caution is needed in design. 

15 [0182] In the case where the above-described aug- 
mented shapes 154 are provided, there will be, in gen- 
eral, the following three patterns concerning the posi- 
tions at which augmented shapes 154 are added with 
regard to the circumferenlial direction as shown in Fig. 

20 25 (the case of trimmed shape 155 shall be omitted). 
These three patterns shall now be described. 
[01 83] The case of Pattern 1 , wherein the positions at 
which the augmented shapes are added are matched 
with the position of air valve attachment hole 153a shall 

25 now be described with reference to Fig. 25A. 

[0184] Pattern 1 is the pattern that was illustrated in 
Fig. 23 and Fig. 24. In this case, the weight of the air 
valve that is attached to air valve attachment hole 153a 
and the weight of augmented shapes 1 54 act in a com- 

30 bined manner to adjust the weight balance (static bal- 
ance) of wheel 151 so that the heavy point will be posi- 
tioned in the direction in which air valve adjustment hole 
1 53a is formed. That is, even in the case where the scat- 
tering of weight distribution is large among the respec- 
ts tive products due to manufacturing errors, etc. of wheel 
151 , the heavy point is positioned without fail in the di- 
rection in which air valve adjustment hole 1 53a is formed 
by the appropriate weight of augmented shapes 1 54 be- 
ing added to the weight of the air valve. The direction of 

40 the heavy point of the wheel 1 51 can thus be recognized 
with the air valve attachment position as a guideline, and 
the work of adding a balance weight in the process of 
assembling wheel 151 and a tire together can be per- 
formed efficiently. 

45 [01 85] The case of Pattern 2, wherein the augmented 
shapes are provided at positions 1 80 degrees opposite 
the position of air valve attachment hole 153a across 
the center of the wheel, shall now be described with ref- 
erence to Fig. 25B. 

50 [0186] With Pattern 2, the position of the heavy point 
can be adjusted as suited by setting the weight of aug- 
mented shapes 154 appropriately. For example, by 
making the weight of the augmented shapes smaller 
than the weight of the air valve, the heavy point can be 

55 positioned closer to air valve attachment hole 1 53a and 
oppositely, by making the weight of the augmented 
shapes greater than the air valve, the heavy point can 
be positioned closer to the augmented shapes 154. In 
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any case, the static unbalance due to the weight of aug- 
mented shapes 1 54 and the static unbalance due to the 
weight of the air valve cancel each other out to make 
wheel 151 low in the amount of static unbalance as a 
whole. 

[0187] The case of Pattern 3, wherein the augmented 
shapes are provided at positions shifted by an angle <t> 
(0 ° < e < 180° ) with respect to the direction of the po- 
sition of air valve attachment hole 153, shall now be de- 
scribed with reference to Fig. 25C. 
[0188] With pattern 3, if for example the static unbal- 
ance amount due to the weight of the air valve is ex- 
pressed by a vector Vm and the static unbalance 
amount due to the weight of augmented shapes 154, 
which are provided at positions corresponding to a po- 
sition shifted by just an angle <fr with respect to the direc- 
tion of the position of air valve attachment hole 153a, is 
expressed by a vector Vn, the static unbalance amount 
of wheel 151 will have the direction and magnitude of 
the vector Vo, resulting from the synthesis of a vector 
Vm and a vector Vn. By thus setting the angle 4> and the 
weight of augmented shapes 1 54 to appropriate values, 
wheel 151 can be made to have a heavy point com- 
prised of a desired vector Vo. 

[0189] Though Embodiment 5 of this invention has 
been described above, a wheel according to this inven- 
tion is not limited to Embodiment 5 and can be put into 
practice in various forms. For example, though the em- 
bodiment has an arrangement wherein a pair of left and 
right augmented shapes are provided, an augmented 
shape may obviously be provided at a single location or 
augmented shapes may be provided at three or more 
locations. The same applies to the case of trimmed 
shapes. Also with regard to the structure of the wheel, 
this invention may be applied not only to the case of a 
single-piece structure but also to the case where the 
wheel has a two-piece structure, three-piece structure, 
etc. This invention is also not limited to these forms and 
design changes can be made as suitable within a range 
that does not fall outside the gist of the invention. 

(Embodiment 6) 

[0190] As Embodiment 6, an embodiment of a wheel 
according to this invention shall now be described with 
reference to Fig. 26 through Fig. 30. Fig. 26 is a per- 
spective view of a balance-adjusted wheel. Fig. 27 is a 
sectional view of the wheel of Fig. 26. Fig. 28 is a front 
view of the wheel of Fig. 26. Fig. 29 is a front view of a 
balance-adjusted wheel of another form. Fig. 30 is a 
front view of a balance-adjusted wheel of another form. 
[01 91 ] As shown in Fig. 26, wheel 1 61 of this Embod- 
iment is assembled together with a tire 162 to form a 
tire/wheel assembly 163 and is used upon being fixed 
onto the hub of an axle shaft of a vehicle. 
[0192] Here : as shown in Fig. 26 and Fig. 27, wheel 
161 has a saucer-like disk 166, which has a center hole 
165 at its central part for fixing onto the hub, and a cy- 



lindrical rim 167, which is fixed to the circumferential 
edge part 1 66a of disk 1 66 by welding, etc. Also, an air 
valve 1 68, for introduction of compressed air into the in- 
terior of tire 162, can be inserted into rim 167. Though 
5 with Embodiment 6, disk 1 66 and rim 167 shall be de- 
scribed as separate members, these may be manufac- 
tured in an integral manner by casting, etc. 
[0193] As shown in Fig. 27, the end parts of rim 167 
are erected to form rim flanges 169 and tire 162 is as- 
sembled onto wheel 1 61 by fitting the beads of tire 1 62 
onto these rim flanges 169 and the bead seats 170 at 
the inner sides of rim flanges 169. 
[0194] Furthermore, a well 1 71 , which is recessed to- 
wards the rotation center axis RC, is formed on rim 1 67, 
and an air valve 168 is attached to a side part of this 
well 171. 

[01 95] As shown in Fig. 26 and Fig. 28, insertion holes 
173, for fixing the hub to the vicinity of center hole 165 
by means of nuts, are formed in disk 166. Also, a plu- 
rality of openings 1 74 are opened at the circumferential 
part 166a side of disk 166. 

[0196] With Embodiment 6, openings 174 are round 
holes that pass through disk 1 66 and are formed so that 
the centers of the openings will be disposed at equal 
intervals along the circumference of a circle C1 centered 
about the center point CP of disk 166. Here, "equal in- 
tervals" signify that the distances between centers of ad- 
jacent openings 174 along the circumference of circle 
C1 are equal. 

[0197] Openings 1 74 may be used as cooling holes, 
for releasing the friction heat generated by a disk brake 
provided adjacent the hub, or as decorative holes. The 
shape of each opening 174 is not limited to a circular 
hole, and the openings may be of an arbitrary shape, 
such as triangular, trapezoidal, etc., and the size of each 
opening 1 74 may be an arbitrary size as well. 
[0198] Here, the openings shown in Fig. 28 can be 
classified into large-diameter openings 174a, with a 
large opening diameter, and a small-diameter opening 
174b, which is smaller in opening diameter than large- 
diameter openings 174a. In Fig. 28, small-diameter 
opening 1 74b is positioned along an imaginary segment 
S1 that joins the center point CP and air valve attach- 
ment hole 1 68a, and the rest of the openings 1 74 are 
large-diameter openings 174a. By making the opening 
174 along the imaginary segment S1 a small -diameter 
opening 174b, the weight of this region can be made 
heavier than the weights of other regions by an amount 
corresponding to the smaller opening area. That is, 
when the vicinity of a large-diameter opening 174a 
along an imaginary segment S2. obtained by extending 
the imaginary segment S1 upwards from center point 
CP of Fig. 28, is compared with a region in the vicinity 
of small-diameter opening 1 74b along imaginary seg- 
ment S1 the region at the small-diameter opening 174b 
side will be heavier by an amount corresponding to just 
the difference in opening areas. Meanwhile, the weight 
balance is not disrupted in other regions since the op- 
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posing pairs of openings 174 in these regions have the 
same opening area. Since the weight balance of disk 
1 66 as a whole is thus shifted towards the lower side of 
Fig. 28, that is, towards the air valve attachment hole 
168a side, the heavy point of disk 166 will be formed 
along imaginary segment S1 . With regard to the differ- 
ence in the respective opening areas of large-diameter 
opening 1 74a and small diameter opening 1 74b, the re- 
spective opening diameters are preferably determined 
so that the difference in areas will give rise to a weight 
difference (unbalance amount) of 20 to 50g. 
[0199] Here : though wheel 1 61 is formed by welding 
rim 167 to this disk 166 and then fixing air valve 168, 
since the weight balance of rim 167 is generally good, 
the heavy point of disk 166 will not be shifted by the 
welding of rim 167. Furthermore, air valve 168 is at- 
tached in the same direction as the heavy point as 
viewed from center point CP of wheel 161 and thus 
serves the role of making the heavy point position even 
clearer. By matching the position of formation of the 
heavy point position as viewed from center point CP with 
the position of formation of air valve attachment hole 
168a of disk 166, the heavy point position can be con- 
firmed readily in the process of the assembly work of 
wheel 161 and the assembly work of tire/wheel assem- 
bly 1 63. 

[0200] When such a wheel 1 61 is used, since the po- 
sition of the heavy point and the unbalance amount can 
be specified in advance and since the scattering of the 
heavy point position according to each wheel 161 can 
be reduced, the balance adjustment work in the assem- 
bly work of tire/wheel assembly 1 63 can be simplified. 
For example, it becomes possible to cancel out the un- 
balance amounts of wheel 161 and tire 162 by simply 
matching the attachment position of air valve 168 of 
wheel 161 with the light point of tire 162. Also, in the 
case where wheel 1 61 has a location at which the runout 
in the radial direction is small (minimum point of RRO) 
and tire 2 has a location at which the strength in the ra- 
dial direction is large (maximum point of RFV), even if 
the static balance of tire/wheel assembly 163 is disrupt- 
ed as a whole by the combination of the minimum point 
of RRO and the maximum point of RFV, since the heavy 
point position and the unbalance amount of the wheel 
are known, the necessary amount and attachment po- 
sition of a balance weight needed to adjust the balance 
can be determined readily and rapidly, thus enabling the 
balance adjustment work in the assembly work of tire/ 
wheel assembly 1 63 to be performed efficiently. 
[0201] The heavy point position of wheel 1 61 may be 
made even clearer and the unbalance amount may be 
increased by making the small -diameter opening 1 74b 
along imaginary segment S1 have the smallest opening 
area, the large-diameter opening 1 74a along imaginary 
segment S2 have the greatest opening area, and the 
rest of the openings 1 74 have an intermediate area or 
by arranging openings 174 to have opening areas that 
increase in stepwise manner from the small-diameter 



opening 1 74b along imaginary segment S1 to the large- 
diameter opening 174a along the imaginary segment 

S2. 

[0202] In the case where the position of formation of 
5 air valve attachment hole 1 68a of Fig. 28 is not matched 
with the position of formation of an opening 1 74, effects 
that are equivalent to the above-described effects can 
be obtained by making at least one opening 1 74, which 
is positioned in the vicinity of imaginary segment S1 , be 
10 a small-diameter opening 174b. In this case, since the 
heavy point position will be modified by the weight of air 
valve 168 itself when air valve 168 is attached subse- 
quently, the heavy point position may be formed at a po- 
sition that is shifted in the direction centered about cent- 
is er point CP by approximately ±20° from imaginary seg- 
ment S1 . 

[0203] Heavy point adjustment may also be per- 
formed by a wheel 181 as shown in Fig. 29. With this 
wheel 181. the distance between centers d3 of openings 

20 1 74c that are adjacent each other across an imaginary 
segment S1 is made longer than the distance between 
centers d4 of the other openings 1 74a. Here, the dis- 
tances between centers d3 and d4 correspond to being 
the distances between centers of adjacent openings 

25 174 a and 1 74c as measured along the circumference 
of circle C1 . 

[0204] With the wheel 181 shown in Fig. 29, since an 
opening 1 74 is not formed in the region in the vicinity of 
imaginary segment S1 this region is heavier in compar- 

30 ison to the region in the vicinity of imaginary segment 
S2 that has an opening 174a. Meanwhile, in the other 
regions, the weight balance is not disrupted since the 
setting openings 174a of the same opening area are 
formed at positions that oppose each other across cent- 

35 er point CP in the other regions. The weight balance of 
disk 1 86 as a whole is thus shifted towards the lower 
side of Fig. 29, that is, towards the air valve attachment 
hole 168a side and the heavy point of disk 186 is thus 
positioned along the imaginary segment S1 . 

40 [0205] The distance between centers d4 may be set 
to distances between centers that differ according to ad- 
jacent openings 1 74a or the opening areas of the re- 
spective openings 174a and 1 74c may be varied. How- 
ever, even in these cases, it is preferable to set different 

45 distances between centers as mentioned above or to 
set the respective opening areas of openings 1 74a and 
1 74c so thai an unbalance amount of 20 to 50g will arise 
in the region of imaginary segment S1 
[0206] Furthermore as shown in Fig. 30, awheel 191 

50 may be made with which openings 1 74e are formed at 
equal intervals along the circumference of a circle C2 
that is centered about a deccntered point DCP at a po- 
sition that lies above the center point CP of disk 196 by 
just a predetermined distance. The openings 174e are 

55 aligned at equal intervals along the circumference of cir- 
cle C2 and the opening areas of these openings are the 
same. 

[0207] With the disk 196 of such a wheel 191, the 
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heavy point is formed in the direction in which air valve 
attachment hole 168a is provided. This is because de- 
centered point DCP is positioned above center point CP 
of disk 196 in Fig. 30 and thus more openings 174e are 
formed at the upper side of disk 1 96. In this case, though 
unbalances of weight distribution occurs in directions 
besides the vertical direction, since the weight of the 
lower side becomes heavier as a whole, the heavy point 
will be positioned in the direction in which air valve at- 
tachment hole 168a is provided. 
[0208] As in the above-described cases, as long as 
the unbalance amount of the heavy point that is formed 
is within the range of 20 to 50g, the opening areas of the 
respective openings 1 74e and the distances between 
centers of adjacent openings 1 74e may be set arbitrar- 
ily. 

[0209] Though Embodiment 6 of this invention has 
been described above, the wheel according to this in- 
vention is not limited to Embodiment 6 and may be put 
into practice in various forms. For example, a recessed 
part, which does not pass through but is of the same 
diameter as opening 1 74, may be formed along imagi- 
nary segment S1 of wheel 181 of Fig. 29. By doing so 
a heavy point can be formed along imaginary segment 
while providing the impression that, in appearance, 
openings 174 are formed at equal intervals. Also, just 
the shape of opening 174b, positioned along the imag- 
inary segment S1, may be changed. In this case, the 
shape of opening 174b must be made a shape with 
which the opening area will be practically reduced in 
comparison to the shapes of openings 1 74a of other re- 
gions. Furthermore, a spoke or plate-like member may 
be provided so as to cross opening 1 74b horizontally or 
vertically, a wire net may be provided on the open part 
of opening 174b, or a punching metal may be inserted 
to practically increase the weight of the region along im- 
aginary segment S1 in comparison to the other regions. 
Furthermore, in the process of welding disk 1 66 and rim 
1 67 together, the heavy point position of disk 1 66 may 
be shifted with respect to the position of air valve attach- 
ment hole 1 68a of rim 1 67 to adjust the heavy point po- 
sition and unbalance amount of wheel 161 or the heavy 
point of disk 1 66 and the air valve attachment hole 1 68a 
of the rim 167 may be set at opposite positions so that 
the unbalance amounts will cancel each other out. 

Industrial Applicability 

[0210] (1) With a tire/wheel assembly assembling 
method according to this invention, the RFV of a tire/ 
wheel assembly is lessened in an assembling step and 
the unbalance of the tiro/wheel assembly is lessened in 
a balance weight determ ination step and in a balance 
weight attachment step. Also with this assembling meth- 
od, a balance weight can be attached to the outer pe- 
ripheral surface of the rim of a wheel, based on the 
weight and position of the balance weight that were de- 
termined in the balance weight determination step prior 



to assembling the wheel and the tire together. A tire/ 
wheel assembly that has been assembled by this as- 
sembling method will not be damaged in outer appear- 
ance due to the balance weight when the balance weight 

5 is attached to the outer peripheral surface of the rim. 
[0211] Also, with a tire/wheel assembly assembling 
line according to this invention, the RFV of a tire/wheel 
assembly is lessened by an assembling process. Fur- 
thermore with this assembling line, the unbalance of the 

10 tire/wheel assembly is lessened and the unbalance 
measurement process and balance weight attachment 
process subsequent assembling are eliminated by a 
balance weight determination process and a balance 
weight attachment process. Also with this assembling 

is line, since a balance weight can be attached to a wheel, 
based on the weight and position of the balance weight 
that were determined in the balance weight determina- 
tion process, prior to the assembling process, the bal- 
ance weight can be attached to the outer peripheral sur- 

20 face of the wheel, which becomes covered by the tire. 
As a result, a tire/wheel assembly that has been assem- 
bled by this assembling line will not be damaged in outer 
appearance due to the balance weight when the bal- 
ance weight is attached to the outer peripheral surface 

25 of the rim. 

[0212] (2) With a wheel and a tire/wheel assembly as- 
sembling method according to this invention, the static 
unbalance of the tire/wheel assembly as a whole can be 
minimized while minimizing the vertical runout and the 

30 generation of vibration during rotation of the tire/wheel 
assembly can be restrained by the simple work of as- 
sembling a tire and a wheel together upon matching the 
light point of the tire with the heavy point of the wheel. 
Since modification by a balance weight is thus made un- 

35 necessary, parts and assembly costs can be reduced 
and the commercial value in terms of outer appearance 
can be improved. 

[0213] Also, with a wheel manufacturing method ac- 
cording to this invention, a wheel, with which the vertical 

40 runout and the static unbalance are canceled out in ac- 
cordance to the manufacturing errors of each tire, can 
be manufactured. Furthermore, with a wheel manufac- 
turing method according to this invention, since a wheel, 
having a minimum RRO amount of - 6 in correspond- 

45 ence to the maximum RRO amount of + 5 of each tire, 
can be made, a wheel that can cancel out the vertical 
runout further can be manufactured. Also, with a wheel 
manufacturing method of this invention, a wheel, with 
which the heavy point will always be in the direction of 

so the air valve, can be manufactured to provide a guideline 
for phase matching for an assembly worker or assem- 
bling device that assembles a tire and a wheel together. 
[0214] (3) With a wheel according to this invention, 
since the weights in various directions of the wheel can 

55 be adjusted by the provision of trimmed shapes and/or 
augmented shapes at the fitting part of a disk, the wheel 
can be made one with the desired balance. Moreover, 
since trimming or augmentation is performed on parts 
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of the disk that is fitted with the inner surface of becomes 
hidden to the exterior upon being fitted to the inner sur- 
face of a rim, the wheel can be made one that is adjusted 
to the desired balance without affecting the outer ap- 
pearance of the wheel. 

[0215] Also with a wheel according to this invention, 
since the unbalance due to the weight of an air valve 
and the unbalance due to trimmed shapes or augment- 
ed shapes cancel each other out, the unbalance of the 
wheel as a whole can be made close to 0. As a result, 
a balance weight to be added after assembly with the 
tire can be made small and the outer appearance of the 
wheel can be improved. 

[0216] Also with a wheel according to this invention, 
the unbalance due to an air valve that is attached to the 
rim and the unbalance due to trimmed shapes or aug- 
mented shapes combine to make the air valve direction 
heavy relatively, the heavy point of the wheel can be set 
in the air valve direction at all times. The air valve direc- 
tion can thus be used as a guideline for the heavy point 
of the wheel and the efficiency of the work of adding a 
balance weight can be improved. 
[0217] (4) With a wheel according to this invention, by 
an arrangement, wherein an annular air valve seat, 
which is fitted and fixed in an air valve hole bored in the 
rim, is provided and an air valve is attached to this air 
valve seat, edge treatment can be performed according 
to each air valve seat to enable reduction of the occu- 
pied space required for the edge treatment process and 
lightening of the labor burden placed on a worker. Sim- 
plification or elimination of edge treatment is also made 
possible. 

[021 8] Furthermore, with a wheel according to this in- 
vention, by arranging the air valve seat from a material 
with a specific gravity that is greater than that of the ma- 
terial of the main body of the wheel, the heavy point of 
static unbalance of the wheel can be matched with the 
air valve attachment position to enable the air valve to 
be made of just standard specification items to thereby 
make the adjustment economical and efficient in com- 
parison to the prior-art case where the weight of the air 
valve itself is adjusted. 

[0219] (5) With a wheel according to this invention, 
the wheel can economically be made to have the de- 
sired weight balance by just a partial design change of 
the mold for manufacturing the wheel and without dam- 
aging the outer appearance. In particular, even in the 
case where the scattering of the weight distribution 
among the respective products is large due to manufac- 
turing errors of the wheel etc., the heavy point of static 
unbalance can be matched without fail with the air valve 
attachment position to provide the advantage of econo- 
my and the advantage of doing away with the need for 
controlling a plurality of parts in comparison to the prior 
art method of matching the heavy point with the air valve 
attachment position by adjusting the weight of the air 
valve itself. 

[0220] (6) With a wheel according to this invention, 



since a balance-adjusted wheel is provided by adjust- 
ment of the heavy point position of the wheel by forming 
of openings in the disk, the scattering of the heavy point 
position according to wheel is reduced significantly, and 
s since the heavy point position and unbalance amount of 
the wheel are made known in advance, the efficiency of 
the balance adjustment work in the tire/wheel assembly 
assembling work can be improved. In particular, the 
heavy point position and unbalance amount of the wheel 
can be adjusted readily and without fail by making the 
opening area of a specific opening smaller than those 
of other openings, by varying the distance between 
centers of adjacent openings, or by shifting the center 
of the circle along with the openings are formed with re- 
spect to the center of the disk. 



Claims 

1. A tire/wheel assembly assembling method, which 
is a method of assembling a tire/wheel assembly 
with which a tire and a wheel are assembled togeth- 
er, 

said tire/wheel assembly assembling method being 
comprised of a balance weight determination step, 
in which the weight and attachment position of a bal- 
ance weight to be attached to said wheel are deter- 
mined on the assumption that the minimum point of 
the radial runout of said wheel will be phase 
matched with the maximum point of the radial force 
variation of said tire and based on the weight and 
position of the heavy point of the static unbalance 
of said wheel and the weight and position of the light 
point of the static unbalance of said tire : a balance 
weight attachment step, in which a balance weight 
of the weight determined in said balance weight de- 
termination step is attached to the attachment po- 
sition of said wheel that was determined in the bal- 
ance weight determination step, and an assembling 
step, in which said wheel and said tire are assem- 
bled together upon phase matching the minimum 
point of the radial runout of said wheel and the max- 
imum point of the radial force variation of said tire. 

2. A tire/wheel assembly assembling line, which is an 
assembling line for assembling a tire/wheel assem- 
bly with which a lire and wheel are assembled to- 
gether, 

said tire/wheel assembly assembling line being 
comprised of a wheel marking process, in which the 
minimum point of the radial runout of said wheel is 
marked, 

a tire marking process, in which the maximum point 
of the radial force variation of said tire is marked, 
a balance weight determination process, in which 
the weight and attachment position of a balance 
weight to be attached to said wheel are determined 
on the assumption that the minimum point of the ra- 
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dial runout of said wheel will be phase matched with 
the maximum point of the radial force variation of 
said tire and based on the weight and position of 
the heavy point of the static unbalance of said wheel 
and the weight and position of the light point of the 
static unbalance of said tire, 
a balance weight attachment process, in which the 
balance weight of the weight determined in said bal- 
ance weight determination process is attached to 
the attachment position of said wheel that was de- 
termined in said balance weight determination proc- 
ess, and 

an assembling process, in which said wheel and 
said tire are assembled together upon phase 
matching said marked position of the wheel with 
said marked position of the tire. 

3. A wheel with which the balance has been adjusted 
in accordance to a lire, based on the three data of 
the unbalance amount -g of the light point of said 
tire, the maximum radial runout amount +8 of said 
tire, and the phase 0 from said light point to the di- 
rection of said radial runout amount +8, said wheel 
being characterized in that the phase from the 
heavy point of said wheel to the direction of the min- 
imum point of the radial runout of said wheel is 8, 
the minimum radial runout amount of said wheel is 
-8, and the unbalance amount of said heavy point 
is +g. 

4. A tire/wheel assembly assembling method, charac- 
terized in that the balance-adjusted wheel of Claim 
3 and said tire are assembled together so that said 
light point and said heavy point are the same in 
phase. 

5. A method of manufacturing a wheel with which the 
balance has been adjusted in accordance to a tire, 
based on the three data of the unbalance amount 
-g of the light point of said tire, the maximum radial 
runout amount +8 of said tire, and the phase e from 
said light point to the direction of said radial runout 
amount +8, said wheel manufacturing method being 
characterized in that after measurement of the 
minimum point of the radial runout of the wheel, 
trimming of the wheel is performed so that the heavy 
point, with an unbalance amount of -i-g, will be po- 
sitioned in the direction that is shifted by - 6 in phase 
with respect to the measured minimum point of ra- 
dial runout. 

6. A method of manufacturing a wheel with which the 
balance has been adjusted in accordance to a tire, 
based on the three data of the unbalance amount 
-g of the light point of said tire, the maximum radial 
runout amount + 8 of said tire, and the phase 6 from 
said light point to the direction of said radial runout 
amount + 8, said wheel manufacturing method be- 



ing characterized in that after cutting of the outer 
circumference of the wheel in a decentering manner 
such that the minimum radial runout amount of the 
wheel will be -8 ; trimming of the wheel is performed 
5 so that the heavy point, with an unbalance of +g, 
will be positioned in the direction that is shifted by 
-8 in phase with respect to the minimum point of ra- 
dial runout of said wheel. 

*o 7. A method of manufacturing a balance-adjusted 
wheel set forth in Claim 5 or Claim 6, said wheel 
manufacturing method being characterized in that 
an air valve attachment hole is bored in the direction 
that is shifted in phase by -0 from said minimum 
point of radial runout of the wheel. 

8. A wheel, which is formed by joining a rim and a cup- 
like disk that is fitted to the inner diameter of said 
rim, said wheel being characterized in being ad- 
justed in balance by the provision of trimmed 
shapes and/or augmented shapes on the fitting part 
of said cup-like disk. 

9. A wheel, which is formed by joining a rim and a cup- 
like disk that is fitted to the inner diameter of said 
rim, said wheel being characterized in being ad- 
justed in balance by the matching of the direction, 
as viewed from the center of said disk, of the air 
valve attachment hole provided in said rim with the 
direction of trimmed shapes provided at the fitting 
part of said disk or by making said direction of the 
air valve attachment hole be shifted by 1 80 degrees 
with respect to the direction of augmented shapes 
provided at the fitting part of said disk. 

10. A wheel, which is formed by joining a rim and a cup- 
like disk that is fitted to the inner diameter of said 
rim, said wheel being characterized in being ad- 
justed in balance by the making of the direction, as 
viewed from the center of said disk, of the air valve 
attachment hole provided in said rim be shifted by 
1 80 degrees with respect to the direction of trimmed 
shapes provided at the fitting part of said disk or by 
making said direction of the air valve attachment 
hole matched with the direction of augmented 
shapes provided at the fitting part of said disk. 

11. A wheel, characterized in having an arrangement 
provided with an annular air valve seat that is fitted 
and fixed inside an air valve attachment hole, which 
has been bored in the rim, and wherein an air valve 
is attached to said air valve seat. 

12. A wheel as set forth in Claim 11, wherein said air 
valve seat is arranged from a material that is greater 
in specific gravity than the material of the main body 
of the wheel. 
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13. A wheel, characterized in that augmented shapes 
or trimmed shapes, corresponding to a predeter- 
mined weight, are provided in a localized manner 
when the wheel is in the condition of the net-shape 
part in the manufacturing process and adjustment 5 
of the weight balance is performed by means of said 
augmented shape or trimmed shape. 

14. A wheel, comprised of a circular disk, which can be 
fixed to the hub of the shaft of a vehicle, and a rim, 10 
which is fixed to the peripheral part of the disk and 
onto which a tire is assembled, 

said wheel being characterized in having an ar- 
rangement wherein the balance is adjusted by pro- 
viding the disk with openings for setting the heavy 15 
point position of said disk at a position away from 
the center of said disk. 

15. A wheel as set forth in Claim 14, wherein a plurality 

of openings are formed at equal intervals in the cir- 20 
cumferential direction of said disk and the opening 
areas of a part of the openings are made smaller 
than the opening areas of other openings. 

1 6. A wheel as set forth in Claim 1 4, wherein a plurality 25 
of openings are formed at equal intervals in the cir- 
cumferential direction of said. disk and the distance 
between centers of a part of the adjacent openings 

are made shorter than the distance 'between cent- 
ers of other adjacent openings. 30 

1 7. A wheel as set forth in Claim 1 4, wherein said open- 
ings are formed at equal intervals along the circum- 
ference of a circle having the center at a position 
that is decentered from the center of the disk. 35 
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